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Background. Although bariatric surgery is an effective treatment for morbid obesity, long-term 
weight regain is a significant problem after surgery. Few studies have assessed the association 
between eating behaviors, psychological factors and lifestyle factors as well as postoperative 
factors and long term weight regain. This study assesses all of these factors in patients who have 
undergone gastric bypass (GBP) and laparoscopic adjustable banding (LAGB) procedures.  
Methods.  One hundred eighty patients who underwent primary GBP (n=128) and LAGB (n=52) 
between 1996 and 2006 with at least five years of follow up data available were included in this 
study. Patient characteristics, preoperative eating, lifestyle and psychological factors, were 
assessed across both procedures and for each procedure separately to determine whether they 
were predictors of substantial long term weight regain. Similar analyses were conducted in each 
procedure group to determine the association between postoperative outcomes, follow-up and 
eating and exercise behaviors, and substantial long-term regain. Substantial weight regain was 
defined as a regain of at least 30% or more of lost weight. 
Results. Percent weight regain was found to be greater in LAGB compared to GBP (41.0% 
versus 28.3%, p=.0042).  Multivariate analyses showed that confidence in weight loss was a 
predictor of substantial regain in all patients. Past illicit drug use was a predictor of substantial 
regain in GBP patients (OR: 1.5, p=.02).  LAGB patients who reported eating large portions or 
frequently dining out before surgery were less likely to exhibit substantial regain (OR: 0.68, 
p=.0475 and OR: 0.64, p=.004, respectively).  Years of follow up showed an increased odds of 
 
 
regain after GBP (OR: 1.05, p=.03). No postoperative factors were associated with regain in 
LAGB patients. 
Conclusions.  These findings suggest that GBP may maintain weight loss more effectively than 
LAGB, however past drug users may be at risk for regain after GBP. Patients whose problem 
preoperative behaviors are primarily eating large portions or frequently dining out may be good 
candidates for LAGB. Patients who exhibit any lack of confidence in their ability to achieve and 
maintain weight loss success may be at greater risk of long term regain. Tailored counseling is 
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CHAPTER 1. INTRODUCTION 
 
Background and Rationale for the Study 
 Over the past several decades, obesity has become one of the leading causes of mortality 
and morbidity in the United States and is now a public health concern worldwide (Mokdad, 
2004).  An increase in body mass index (BMI) above 30 kg/m
2
 is associated with a two- to 
twelve-fold increase in mortality (Calle et al, 1999), and it has been identified as a risk factor 
associated with multiple health conditions including type two diabetes, coronary heart disease, 
stroke, gallbladder disease, sleep apnea, osteoarthritis, hypertension, hyperlipidemia, 
hypercholesterolemia, cancer related to the colon, breast and uterus, chronic back and joint pain, 
as well as over 2.5 million deaths per year (Karmali & Shaffer, 2005; The National Task Force 
on the Prevention and Treatment of Obesity, 2000; Spence-Jones, 2003). 
 Of particular concern is the rate at which the prevalence of severe obesity (BMI≥40 
kg/m
2
) is increasing.  From 2000 to 2005, the prevalence of severe obesity increased by 50% and 
the prevalence of super obesity (BMI over 50 kg/m
2
) increased by 75%, two and three times 
faster than previous years, respectively (Sturm, 2007).  This trend has continued in the most 
recent NHANES data (Flegal, 2010), suggesting that the population weight distribution is 
shifting toward extreme weight categories. Both mortality and morbidity are greatly increased, 
leading to a decreased quality of life in the severely obese (Kral, 2001; Messerli FH & Ketekhut 
R, 1991). Furthermore, because comorbidities and resulting service use are much higher among 
severely obese individuals, it has been argued that the widely published trends for 
overweight/obesity underestimate the consequences for population health (Sturm, 2007). As a 
result, the U.S. Department of Health and Human Services has labeled morbid obesity “the first 
epidemic of the 21
st




 In response to this rapid increase in morbid obesity, the number of surgical weight loss 
procedures performed has also increased exponentially. Currently the treatment of choice for 
individuals with morbid obesity (Tice, 2008), the number of surgical weight loss procedures 
performed in the U.S. jumped from approximately 40,000 in 2000 (Grady, 2000) to 220,000 in 
2008 (Blackburn, 2008). 
 Minimum surgical requirements set forth for bariatric surgery by the National Institute of 
Health (1992) include being 100 lbs or more overweight with a BMI of 40 kg/m
2
 and above or a 
BMI of 35 kg/m
2
 and above with one or more obesity-related health conditions (Buchwald et al., 
2004). Many individuals lose between 40% and 75% of their excess body weight, depending on 
the procedure, and treatment is typically considered a success if there is a 50% loss of excess 
weight, particularly if this weight loss can be maintained beyond 5-years after surgery (Choban, 
Jackson, Poplawski, & Bistolarides, 2002). Additionally, many researchers contend that bariatric 
surgery is the only effective treatment for morbid obesity that results in improved obesity-related 
physical comorbidities and reduced risk of premature death (Brethauer, Chand, & Schauer, 2006; 
Choban et al., 2002; Flegal, Graubard, Williamson, & Gail, 2005).  
However, despite the rising popularity of bariatric surgery and its overall positive results, 
the rate of morbid obesity in the US continues to rise. Some have argued that this is evidence that 
weight loss surgery is not as effective as it claims and it is therefore not the solution to the 
obesity epidemic (Sturm, 2007).  Nevertheless, weight loss results still surpass those of diet, 
exercise and medication regimens and many individuals who have failed multiple weight loss 
attempts continue to seek out surgery as a last resort. Moreover, many individuals who have had 
weight loss surgery eventually turn to additional surgical procedures over time to enhance the 




 Although measures vary and regain is often not addressed specifically in long term 
studies, it is clear that weight regain is a significant problem in the long term after bariatric 
surgery (Yale et al, 1989; Waters et al, 1991; Pories et al, 1995; MacDonald Jr et al, 2007; van 
de Weijgert et al, 1999; Wittgrove & Clark, 2000; Balsiger et al, 2000; O’Brien et al, 2002; 
Sugerman et al, 2003; Sjöström et al, 2004; Christou et al, 2004; Flum et al, 2004; Sjöström et al, 
2007).  As seen in the Swedish Obese Subjects study, patients who underwent the purely 
restrictive laparoscopic adjustable gastric banding (LAGB) procedure, as well as the restrictive 
and malabsorptive gastric bypass (GBP) procedure began to regain weight between the first and 
second postoperative year (Sjöström et al, 2004; Sjöström et al, 2007). At ten years 
postoperatively, approximately 10% of patients who underwent GBP and 25% of patients who 
underwent LAGB failed to maintain at least a 5% reduction in their initial weight.  In addition, 
the rate of improvement/resolution of comorbidities was less impressive after ten years than at 
the two year point, possibly due to weight regain over time. 
 The suboptimal results some experience after LAGB and GBP are often attributed to poor 
adherence to the postoperative diet or a return to maladaptive eating behaviors, resulting in to 
increased energy intake, rather than to surgical reasons (Sarwer, 2005).  Sjostrom et al (2004) 
reported approximate daily intakes of 2900 kcal before surgery that dropped to 1500 kcal six 
months after surgery and steadily increased to 2000 kcal by four to ten years after surgery.  
Moreover, Forster et al (1990) posit that the role of energy intake in weight regain may be 
greater than that observed due to subject over-adherence to dietary recommendations on the day 
of assessment diet is assessed. Several studies have also noted the common problem of under-
reporting in obese subjects, which may be as much as 50% of actual intake (Rosell et al 2003; 




 The changes in energy intake or expenditure after bariatric surgery may also be affected 
by alterations in gut and adipocyte hormones. Ghrelin, a peptide secreted primarily by the 
enteroendocrine cells in the fundus of the stomach, acting through the hypothalamus, has been 
found to induce hunger (Tschop et al, 2000; Date et al, 2000; Ariyasu et al, 2001; Wren et al, 
2001). Ghrelin has been found to increase after LAGB (Hanusch-Enserer et al, 2004; Mariani, 
2005), which may suggest its role in weight regain after that procedure. On the contrary, 
decreased ghrelin has been found to be associated with weight loss in GBP patients more 
profoundly than with weight loss after LAGB (Cummings et al, 2002; Fruhbeck et al, 2004; 
Cummings et al, 2004), and may be attributable to the greater weight loss success associated 
with  GBP  (Borg et al, 2006; Holdstock et al, 2004).  However long-term changes in ghrelin 
levels in bariatric surgery patients have yet to be evaluated. 
 The satiety-inducing peptide, PYY, is secreted primarily by the more distal intestine in 
response to nutrient contact and glucagon-like peptide-1 (GLP-1) (Batterham, 2003; Dube, 2004;  
D’Alessio , 2004; Brubaker 2004). Clements et al (2004) reported no difference in fasting GLP-1 
level 12 weeks after GBP surgery, compared with preoperative values. In weight-stable GBP 
patients with an average follow-up of 35 months, fasting serum PYY levels were similar to those 
of BMI-matched controls, but the PYY response to a test meal was greater (Korner, 2005). 
Similarly Borg et al (2006) reported no change in fasting serum PYY and GLP-1 values but 
increased PYY and GLP-1 response to the test meal at six months after GBP. The responses to a 
test meal suggest a beneficial effect on weight loss, however it is possible that the body adapts to 
the changes induced by the GBP procedure and the hormones gradually revert to presurgical 
levels, contributing to increased energy intake in the long term. Here again, long-term studies are 




 Some case series have suggested that leptin levels decreased with weight loss after 
bariatric surgery beyond what was expected based on body composition (Korner et al, 2005; 
Molina et al, 2003; Infanger, 2003;  Coupaye et al, 2005).  Given that leptin acts to induce 
satiety, it is possible that relatively low levels may play a role in weight regain, however studies 
have yet to support this theory.  
 Changes in metabolic rate have also been implicated in weight regain after bariatric 
surgery. Specifically, van Gemert et al (2000) and Buscemi et al (1996) found a decrease in 
resting and sleeping metabolic rates with weight loss in subjects who were followed up for 42 
months after surgery. However, other studies have not found as association between metabolic 
rate and weight change (Das et al, 2003, Flancbaum et al., 1997).  Further studies are needed to 
explore the role of changes in energy expenditure as they relate to weight loss and maintenance 
of loss after bariatric surgery. 
 Another recent study found a genetic link to weight loss outcomes after surgery 
(Mirshahi et al, 2011). Specifically, a variant of the melanocortin-4 receptor (MC4R) allele has 
been found to be associated with better metabolic status and more weight loss four years after 
GBP.  
 Another factor associated with regain after GBP include an enlarged stoma (the newly 
created connection between the pouch and small intestine) and less frequently, an enlarged pouch 
(Abu Dayyeh et al, 2011).  Although measurement of the pouch and stoma is challenging and 
definition of significant enlargement varies across studies, revision surgery aimed to correct the 
enlargements has been found to subsequently improve weight loss.  It is therefore assumed that 
the loss of restriction resulting from the enlargement is at least partly responsible for the loss of 




weight regain (Heneghan et al, 2011, Yimcharoen et al, 2011; Abu Dayyeh et al, 2011; Herron et 
al, 2008; Thompson et al, 2006).  
 Regular physical activity has also been found to be an important factor in weight loss 
maintenance and insufficient physical activity may also be associated with long-term regain 
(Wing & Hill, 2001; Cook & Edwards, 1999; Sjostrom 2004). In their long-term study, Sjostrom 
et al (2004) reported that approximately 70% of subjects were active at baseline, yet 90% were 
active one year after surgery and then 80% were active ten years after surgery, although level of 
activity was not reported. It is also important to keep in mind that exercise may be over-reported 
just as caloric intake tends to be under-reported in this population.  
 Psychological factors that may predict regain after GBP include food craving, decreased 
well being, as well as concerns over alcohol and drug use (Odom et al, 2010). In addition, Dapri 
et al (2010) note that regain after GBP is often due to the development of new eating behaviors, 
specifically hyperphagia (eating a large volume), polyphagia (frequent snacking or grazing), or 
sweet eating. Furthermore, some adults who present for bariatric surgery have recognized eating 
disorders. Although the restrictive components of the operations limit the consumption of 
excessive amounts of food, those who binge eat before surgery appear, from the preliminary 
reports, to be at risk of lower weight loss or premature weight regain, particularly after GBP 
(Sarwer, 2005).  On the other hand, a study by Larsen et al (2004) found that binge eating 
tendencies improved after surgery and patients had favorable outcomes following that procedure. 
 A study by Lanyon et al (2009) found that factors influencing long-term continued 
weight loss after GBP involve positive characteristics such as skills, information, and 
expectations. In addition, some studies have found an association with self-efficacy and short-




et al (2004) found improved self-efficacy after LAGB. However, these studies did not assess 
preoperative self efficacy and its effect on weight after surgery is unknown.  Therefore further 
studies are needed to elucidate the association between self efficacy and expectations and long 
term weight regain after bariatric surgery.  
 Several studies have shown that problematic eating behaviors improve after LAGB, 
including binge eating disorder, emotional eating, feelings of hunger, and dietary restraint 
(Colles et al, 2008; Colles et al, 2008 ; De Panfilis et al, 2007; Scholtz et al 2007; Nickel et al, 
2005; Zijlstra et al, 2006; Nickel et al, 2007; Schindler et al, 2004; Lang et al, 2002). Although 
these findings suggest positive eating behavior modification can be achieved by LAGB, few 
studies have evaluated the relationship between changes in eating behavior and weight loss 
outcomes. Colles et al (2008) evaluated the correlation between restraint, hunger and 
disinhibition and percent of excess weight lost (%EWL) one year after LAGB and found that 
only hunger showed a significant correlation with %EWL. Lang et al (2002) evaluated the 
impact of changes in restraint, hunger, control, and disinhibition on changes in BMI up to one 
year after LAGB and, although changes in behavior were observed, there was no association 
between those changes and weight change. Similar findings were shown by Schindler et al 
(2004) six months after LAGB. 
 Since weight loss surgery is a tool to be used alongside behavior modification in order to 
achieve long-term weight loss, it is possible that difficulties with poor eating and lifestyle 
behaviors are responsible for regain after bariatric surgery. Whether or not behaviors were 




Purpose of the Study 
 Despite a recent interest in weight regain after bariatric surgery and specifically, how 
eating behaviors and lifestyle factors may increase the risk, few studies have specifically studied 
their impact on long term weight regain. The purpose of this observational study is to (1) assess 
baseline eating behavior and lifestyle factors which may predict significant weight regain, and 
(2) determine whether post operative eating and lifestyle habits are associated with long term 
weight regain. 
Research Questions 
1. What is the average long term weight regain after bariatric surgery? What proportion of 
patients regain at least 30% of the weight they lost after bariatric surgery?  
2. What preoperative physiologic and behavioral factors (patient characteristics, preoperative 
eating behaviors and lifestyle and psychological factors) are predictors of weight regain in 
bariatric surgery patients? 
3. What baseline physiologic and behavioral factors (patient characteristics, preoperative eating 
habits and lifestyle and psychological factors) are predictors of weight regain after gastric 
bypass surgery and after laparoscopic adjustable banding? 
4. What postoperative physiologic and behavioral factors (outcomes, follow up and eating and 
exercise habits) are associated with weight regain after gastric bypass and after laparoscopic 
adjustable banding? 
Significance of the Study  
 Elucidating these factors can highlight the importance of long-term behavioral 
modification for bariatric surgery patients and help to tailor procedure selection and follow up 




outcomes could lead to a greater improvement in health and well-being of patients who undergo 










In order to be recommended for bariatric surgery, patients must undergo a careful 
screening and an assessment of risks and benefits, which can take up to six months. In 1991, the 
National Institutes of Health consensus conference established guidelines and indications for 
surgical management of severe obesity, which include a BMI equal to or greater than 40 kg/m
2
 
or BMI equal to or greater than 35 kg/m
2
 with at least one significant obesity-related 
comorbidity. Patients must also demonstrate failed dietary attempts at weight loss (NIH 
Conference, 1991).  Obesity-related comorbidities include conditions such as type 2 diabetes, 
hypertension, hyperlipidemia, sleep apnea, obesity hypoventilation syndrome (extreme shortness 
of breath or exercise intolerance), gastroesophageal reflux disease (chronic heartburn), and 
osteoarthritis. Patients who meet these criteria are at an increased risk of mortality and morbidity 
and therefore the benefit of surgery likely outweighs the associated risk of surgery for these 
patients. 
In the years since the NIH established these guidelines, the safety of surgical approaches 
has improved and less invasive techniques have been introduced. In addition, the risk of severe 
obesity, as well as outcomes of bariatric surgery have been further documented. It has therefore 
been suggested that the BMI limit for surgical treatment be reduced. Many argue that surgical 
treatment with a minimally invasive procedure is appropriate for patients who suffer from a 
significant comorbidity and have a BMI between 30 and 34.9 kg/m
2
, or for patients with BMI 
above 35 kg/m
2
, even without comorbidities, since significant weight loss has been shown to 




al, 1995; Carson et al, 1994; Wu & Barba, 2000; Balsiger et al, 1997; Karason et al, 2000). In 
February 2011, after review of safety and outcome data, the U.S. Food and Drug Administration 
(FDA) approved the use of LAP-BAND, the adjustable gastric band manufactured by Allergan, 
for patients who meet the reduced BMI criteria (FDA Press release, 2011).  However, the NIH 
has not changed its recommendation for eligibility for bariatric surgery since its consensus 
statement of 1991. 
Another important criterion that must be met before surgery can be indicated is 
documented evidence of ineffective dietary attempts at weight loss. Numerous studies have 
found that non-surgical attempts at weight management in the vast majority of severely obese 
patients are ineffective in the long-term, since most patients regain the lost weight within two to 
five years after the intervention (Cummings et al, 2002). However, it is important that patients 
demonstrate these attempts since they will need to employ similar behavior changes after 
surgery.  Bariatric surgery is meant only to enhance the efforts toward and effects of healthy 
eating and lifestyle behavior changes through physiologic changes induced by surgical alteration. 
The NIH criteria also require that all surgical candidates undergo a psychological 
evaluation. The evaluation is meant to ensure that they understand what surgery entails as well as 
the subsequent changes they need to make to optimize their outcomes, and that they understand 
how the surgery will impact their life in general.  The evaluation is also important to assess any 
psychological problems that need to be addressed before and/or after surgery or that may be a 
contraindication for surgery. Although untreated or uncontrolled psychiatric conditions are a 
relative contraindication, properly treated psychiatric conditions are not. Another criterion that 
patients must demonstrate before they can undergo surgery is an absence of drug or alcohol 




a significant period is not a contraindication. Patients also must commit to lifelong follow-up 
with a bariatric surgical team; however, this is difficult to enforce prospectively. Ultimately the 
surgeon should decide whether surgery is advisable on an individual basis, based on the above 
guidelines as well as a risk-benefit assessment based on the patient’s overall presentation 
(Balsiger et al, 1997).  
Surgical Options and Short-Term Outcomes 
There are several options for the surgical management of morbid obesity in the 
appropriate candidate. The procedures can be characterized as restrictive, where food intake is 
limited by the surgical alteration, malabsorptive, where nutrient absorption in the gut is limited 
by the changes made by the surgery, or combination procedures which incorporate both 
restrictive and malabsorptive components. This study will focus on the two most common 
bariatric procedures performed to date: LAGB and GBP. 
Laparoscopic Adjustable Gastric Banding 
The most widely used restrictive procedure as of this writing is the LAGB. In this 
procedure, a silastic band is placed around the upper part of the stomach, creating a small upper 
gastric pouch (typically holding 30 cc). The band itself forms a stoma, or opening, between the 
upper pouch and the remainder of the stomach. The inner surface of the band consists of a 
balloon, which can be inflated with variable amounts of saline to alter the size of the stoma and 
thus adjust the rapidity of emptying between the pouch and the remainder of the stomach. 
The band is attached to an injection port with a silastic tube and the port is implanted 
under the skin on the front of the abdominal wall. Adjustments of the stoma size can therefore be 
made at any time after surgery during an office visit with the nurse practitioner or surgeon via 






 system was approved for use in the United States by the FDA in 
mid-2001. Ethicon recently introduced another adjustable gastric band, the REALIZE
®
 Band, 
approved for use in the United States by the FDA in late 2007.  
The attraction of the adjustable gastric band to most patients and medical providers is its 
relative simplicity. In many instances, the procedure can be performed in an outpatient setting 
where the patient goes home on the same day as the surgery. Ultimately, once properly adjusted 
to a particular patient’s needs, the band will offer portion control. As absorption of nutrients 
remains intact, the success of this procedure is highly dependent on patient adherence to the 
prescribed visit schedule and eating/lifestyle changes. Patients must be counseled, preferably by 
a dietician, on proper food choices and eating habits to maximize the success of the LAGB.  
Short-term (approximately two year) weight loss results after LAGB have been reported to be 
between 35%-65% loss of excess weight (Garb et al, 2009). The claim that these differences can 
be explained by differing management of band adjustment has not been tested. 
Gastric Bypass 
The most popular and widely recognized operation for weight loss in the United States is 
the Roux-en-Y GBP.  GBP is a combination restrictive-malabsorptive procedure that was first 
described by Mason and Ito in 1967.  In this procedure, the stomach is reduced in size to create a 
small-volume pouch which typically can hold approximately 30cc (the restrictive component of 
the procedure).  The pouch is surgically connected to section of the upper small intestine 
(jejunum).  This section is known as the “limb” and can vary in length. The amount of 
malabsorption induced depends on the length of the limb, so a greater length of bypassed 
intestine will result in more malabsorption and presumably greater weight loss (as well as 




from the unused portion of the stomach which was divided from the pouch but left in place, 
includes the duodenum and proximal jejunum, and carries the biliopancreatic secretions. The two 
intestinal sections meet distally (at the intersection of the “Y”) to finally allow mixing of 
ingested matter and digestive secretions in the small intestine. 
In this procedure, no intestine or stomach tissue is removed, however absorptive capacity 
is intentionally compromised (depending on the limb lengths created).  It is important to note that 
in the more common proximal GBP, which bypasses less of the small intestine than the distal 
GBP, calorie absorption is minimally affected and many believe that the change in hormonal 
responses to food is most likely an important additional mechanism of weight loss. 
Many patients and providers choose the GBP because it is initially not as dependent on 
patient compliance to ensure weight loss success. The procedure forces patients to modify their 
eating habits to accommodate the small gastric pouch.  In addition, many patients experience 
dumping syndrome after consuming simple carbohydrate.  The malabsorptive component may 
offset some excess calorie intake and dumping often results in an aversion to sweets, which 
further restricts caloric intake. The rate of weight loss is also greatest after a gastric bypass than 
after restrictive procedures and most patients achieve weight loss success (defined as a loss of at 
least 50% of their excess weight) within a year of the surgery. The amount of weight loss is 
dependent upon starting BMI and additional factors related to weight loss, such as ability to 
engage in physical activity.  Outcomes of gastric bypass are reported to be approximately 70% 
loss of excess weight on average within one to two years after surgery (Podnos et al, 2003). 
It is important to keep in mind that procedures that introduce greater potential risk, such 
as GBP, also achieve greater weight loss. In a review of 14,964 patients, Van Hee (2004) 




loss in patients who underwent GBP.  It is also important to recognize that, despite the potential 
risks of surgical weight loss procedures, patients seek surgery for improvement in their overall 
health as well.  
Multiple comorbidities have been shown to improve or even resolve after surgery. The 
metabolic syndrome, consisting of the constellation of hypertension, dyslipidemia, glucose 
intolerance, and obesity, is reversible in up to 98% of patients one year postoperatively 
(Sugarman, 2003). Buchwald et al (2004) performed a meta-analysis of 136 studies, which 
included more than 22,000 patients, and suggested that type 2 diabetes improved in 83% of 
patients. In addition, hypertension resolved completely in 67.5% of patients, and improved in 
87%; obstructive sleep apnea was resolved or improved in 94.8% of patients, and hyperlipidemia 
improved in 96.9% of patients. More variable results were seen with gastroesophageal reflux, 
osteoarthritis, urinary stress incontinence, pseudotumor cerebri, and other comorbidities, but in 




 Until recently, no standard dietary guidelines had been established for the postoperative 
period, therefore patient management was variable across practices. In 2008, the first Allied 
Health Nutritional Guidelines for the Surgical Weight Loss Patient were established (Allis et al, 
2008), however universal adoption is likely slow. More concerning is the fact that patients often 
do not return to the bariatric program for long term care, despite their initial commitment to 
lifelong follow up. Furthermore, health insurance does not cover visits with a dietician, therefore 




management. Although patients may be managed by primary care practitioners, many are ill-
equipped to manage nutrient deficiencies and other problems that are specific to post-bariatric 
surgical patients. In addition, most physicians do not address diet and lifestyle guidance to treat 
obesity unless they perceive the patient as highly motivated to receive the information and make 
the change (Salinas et al, 2011). Dietary guidelines must target potential deficiencies associated 
with obesity and malabsorption, as well as complications and behavioral issues associated with 
the bariatric patient. 
 Before surgery, all patients participate in an extensive education and screening process 
with determines their eligibility for surgery, helps them understand that weight loss surgery is a 
tool to aid in weight loss, and to learn the nutritional guidelines and exercise recommendations 
which will help them achieve and maintain a healthier weight. Considerable effort is made to 
ensure that patients understand that undergoing surgery requires a lifelong change in habits and a 
psychological evaluation is required to confirm their understanding. However, a number of 
reports have suggested that adherence to the recommended postoperative diet is poor (Moize et 
al, 2003; Sarwer et al, 2008). Caloric intake often increases significantly during the postoperative 
period (Sjostrom et al, 2004; Sarwer et al, 2008; Brolin et al, 1994) and increases in caloric 
intake likely contribute to the weight regain, which often begins during the second postoperative 
year (Sjostrom et al, 2004). In addition, dietary counseling is challenging since individuals who 
have undergone bariatric surgery typically underestimate their caloric consumption by 







Nutrient deficiencies are not uncommon in this population sue to inadequate body 
reserves, poor dietary intakes, and inadequate supplementation, regardless of weight loss (Bukof 
& Carlson, 1981; Turkki et al, 1990; Avinoah et al, 1992; Kishner, 2000; Brolin et al, 1991). 
Because this patient population is not able to consume sufficient nutrients from the foods they 
eat, particularly in the short term, vitamin and mineral supplementation in quantities greater than 
the Dietary Reference Intake (DRI) is important, especially for patients who undergo 
malabsorptive procedures like GBP (Katz et al, 2001; Allis et al, 2008). It is important to note 
that malnutrition can also pose a problem in the long-term, despite the fact that total caloric 
intake typically increases during the postoperative period. Micronutrient deficiencies are not only 
important for overall health, but also help with long-term weight maintenance, through their role 
in regulating appetite/hunger, nutrient absorption, metabolic rate, fat and sugar metabolism, 
thyroid and adrenal function, energy storage, and glucose homeostasis.  
The risk of micronutrient deficiencies is thought to be particularly high after GBP since 
the site where most of the absorption of many vitamins and minerals, the duodenum and 
proximal jejunum, is bypassed. Deficiencies in thiamin, vitamin B6, vitamin B12, folate, and iron 
are particularly common. Specifically, vitamin B12 deficiency has been observed in 
approximately 30% of adult patients one year after surgery, with the rate increasing over time 
(Xanathakos & Inge, 2006; Provenzale et al, 1992). Iron deficiency anemia has similarly been 
shown to increase over time (Avinoah et al, 1992). Vitamin D and calcium deficiencies are also 
relatively common both pre- and postoperatively (Alvarez-Lerte, 2004).  Fat malabsorption can 
also lead to deficiencies of the fat-soluble vitamins, A, D, E, and K. (Boylan et al, 1988; 




term results from inadequate dietary intake or malabsorption of vitamins and minerals. In 
addition, non-adherence to the recommended vitamin supplementation regimen and/or 
recommended follow-up visits with the bariatric program could also contribute to deficiencies.  
 Protein deficiency is another major concern following bariatric surgery. Adequate protein 
consumption can be a significant challenge after surgery and protein deficiency has been 
reported to be between 5% and 30% following a malabsorptive operation (Marceau et al, 2001). 
Long term protein deficiency after GBP is usually associated with other circumstances observed 
in this population, including anorexia, prolonged vomiting, diarrhea, food intolerance, 
depression, fear of weight regain, alcohol/drug abuse, and low socioeconomic status (Allis et al, 
2008).  
 Since LAGB is a purely restrictive operation, serious nutritional consequences are less 
common after surgery.  Nevertheless, the altered pouch size, stoma size, and pouch emptying 
rate following this procedure significantly restricts the volume of food that can be consumed at a 
meal therefore a nutrient intake may be reduced (Blake et al, 1991). As a result, deficiencies oin 
vitamin B6, vitamin B12, riboflavin, folate, thiamin, calcium, zinc, and protein have been 
documented with restrictive procedures (Blake et al, 1991; Toth & Voll, 2001; Neve et al, 1996). 
 Intolerance of certain nutrient-dense foods is also common after bariatric surgery, 
therefore nutrient deficiency may also be related to the decreased intake of foods with high 
nutritional value (Allis, 2008). Red meat, white meat poultry, bread, and rice will often cause 
emesis or obstruction in patients with a tight band or stoma (Mitchell et al, 2001). In addition, the 








 Frequent vomiting (emesis) can occur several years after surgery and may also be 
associated with malnutrition. Food intolerance, poor eating habits, such as rapid intake, intake 
with liquid or inadequate chewing, as well as excessive restriction may trigger emesis. 
Avoidance of foods that cause nausea, discomfort, or vomiting if common after surgery and may 
contribute to malnutrition, as well as the development of the “soft-calorie syndrome,” in which 
an excess of high-calorie soft or “meltable” foods or liquids are consumed.  
Dumping 
 Dumping, which includes nausea, flushing, bloating, and diarrhea is typically triggered 
by the consumption of foods high in sugar and/or fat in approximately 50–70% of patients 
following GBP (Mitchell et al, 2001). In the early postoperative period, dumping often aids in 
dietary compliance (by forcing patients to avoid these foods), however dumping usually 
diminishes over the first postoperative year and relapse of poor eating habits may become 
problematic. Sugarman et al (1987) suggested that the absence of dumping may be associated 
with diminished weight loss after GBP. Dumping is not observed after LAGB and Potoczna et al 
(2008) reported that a number of unpleasant gastrointestinal events (including loose stool, 
diarrhea, and flatus) were more common in GBP than in LAGB patients. 
 
Maladaptive and Disordered Eating Behavior 
Disinhibition  
 Food intake is related to satiation and satiety.  Satiation is the process that results in a 




hunger and eating and occurs after a meal is consumed.  Therefore, satiety is related to the time 
between meals (Blundell, 1993). Bariatric surgery alters satiation and satiety presumably via 
restriction, hormonal change, and malabsorption, although the mechanisms controlling the 
changes and the extent to which the changes occur is unknown. 
 Prior to surgery, patients often report difficulty with disinhibition (unrestrained eating) 
and hunger (Bocchieri-Ricciardi et al, 2006; Sarwer et al, 2008; Bergmer et al, 2005). After 
surgery, patients have reported increased in restraint and decreased disinhibition and hunger 
(Sarwer et al 2008). These changes are similar to those seen in those who lose weight with 
lifestyle modification alone, and long term moderation of food intake is considered to be a result 
of increased  restraint and reduced disinhibition (Wing et al, 2007; Niemeier et al, 2007). 
However, it has been reported that some GBP patients alter eating habits to satisfy hunger by 
eating small amounts of soft foods or liquids frequently or continuously resulting in excess 
caloric consumption, i.e. the “soft-calorie syndrome” (Brolin, 1994; Sugarman, 1994; Kral et al, 
1993, Yale & Weiler, 1991).  It is possible that for these patients, satiation is altered by bariatric 
surgery, since they are forced to eat smaller portions due to the small gastric pouch, but satiety is 
not altered and therefore they eat around the restriction by eating frequently. Patients who do not 
experience or develop restraint, and those who struggle to control their intake after surgery are 
likely at greater risk of weight regain. 
 Similarly, disinhibition is a problem for some after LAGB (Colles et al, 2008). LAGB 
patients have also been found to eat frequent small meals rather than consume large portions at 
one time, allowing them to eat around their band in order to induce satiety. Therefore, if bariatric 
surgery cannot target the mechanisms that control satiety, then they may adapt by eating 




1994; Krai et al, 1993; Pories, 1991). Studies have shown that approximately 18 months to two 
years after GBP, frequent consumption of small amounts of liquid or soft foods, which are often 
sweet, will induce satiation while avoiding uncomfortable fullness or dumping (Hsu et al, 1996, 
Hsu et al, 1997). This increased intake may explain why some studies have shown that 
soft/liquid food eaters or sweet eaters are more likely to regain weight (Brolin, 1994; Sugarman, 
1994; Yale & Weiler, 1991). 
Binge Eating  
 Binge eating disorder (BED) is characterized by a subjective loss of control over eating 
which results in consuming a large amount of food in a short period of time (Stunkard et al, 
2008). The rates of disordered eating among bariatric surgery patients vary, due to variations in 
the methods of assessment and definitions of the disorders of interest (Stunkard et al, 2008; 
Kalarchian et al, 1998; Kalarchian et al, 2007; de Zwaan et al, 2003). For example, using the 
Eating Disorder Examination Questionnaire, widely considered the gold standard for the 
assessment of eating disorders, de Zwaan et al (2003) found that 15% of GBP candidates met the 
diagnostic criteria for BED, and 24% reported features of the disorder but did not meet the full 
diagnostic criteria. However a similar study by Allison et al (2006) found that less than 5% of 
patients met the full diagnostic criteria for BED. Thus, BED is not prevalent among candidates 
for surgery, however many patients exhibit maladaptive eating behaviors that pose a challenge to 
management throughout the postoperative period.  Therefore although self report of binge eating 
may not be a true correlate of a formal disorder, it is nonetheless problematic. 
 Several studies have assessed the relationship between disordered eating before surgery 
and the postoperative outcomes. Hsu et al (1996 and 1997) found that, while patients did not 




problem for some. Similarly, Kalarchian et al (1999) observed no binge episodes four months 
after surgery, however nearly half reported binge eating to various degrees during later follow-up 
(Kalarchian et al, 2002). Several studies suggest that binge eating might be associated with less 
weight loss or weight regain within the first two years after surgery (Hsu et al, 1996; Hsu et al, 
1997; Hsu et al, 1998; Kalarchian et al, 1999; Kalarchian et al, 2002). These suboptimal 
outcomes might be related to stretching of the gastric pouch, which would accommodate 
increased energy intake over time (Abu Dayyeh et al, 2011).  
Night Eating 
 Night eating syndrome (NES) is characterized by a circadian delay in eating patterns, 
where at least 25% of daily caloric intake is consumed in the evening and/or the individual 
wakes during the night to eat at least twice a week (Stunkard et al, 2008).  Similar to BED, 
Allison et al (2006) found that less than 5% of patients met the proposed diagnostic criteria for 
NES, however studies have suggested that a tendency toward night eating warrants attention in 
this population.  
 Adami et al (1999) found that patients who engaged in night eating before surgery 
continue the behavior postoperatively. Latner et al (2007) found that more frequent nocturnal 
eating episodes after surgery was associated with a greater BMI and less satisfaction with 
surgery. Colles et al (2008) suggest that LAGB patients with preoperative binge eating disorder 
might be at risk of becoming grazers postoperatively, which might prove to be another potential 
contributing factor to the suboptimal outcomes. The effect of night eating on the postoperative 
outcomes has received less attention, however the behavior seems to persist and its relationship 






 Studies which have assessed the association between sweet eating and weight loss after 
bariatric surgery have shown mixed results.  Busetto et al (2002) reported that patients with a 
tendency toward sweet eating had a decreased risk of weight loss failure after surgery, while 
Angrisani et al (2004) found the opposite. Similarly, two studies that used different validated 
tools to measure sweet eating did not find an association between weight loss outcomes and 
sweet eating (Korenkov, 2004; Hudson et al, 2002). Korenkov (2004) used the Sugarman criteria 
(Sugarman et al, 1987), which defines “sweet eaters” as patients who consume more than 300 
kcal daily of sweet foods or beverages, while Hudson et al (2002) used the sweet section of the 
Anti-Cancer Council of Victoria Food Frequency Questionnaire (Hodge et al, 2000). However, 
the studies which address sweet eating are scant and only evaluated short term outcomes, during 
the period when most patients experience dumping and the mechanism by which surgery 
achieves weight loss overshadows eating behavior. Therefore it is important to continue to 
evaluate sweet eating in the long term to assess the impact it may have on weight regain.  
Alcohol Use/Abuse 
 Few studies have evaluated the impact of alcohol intake on weight loss outcomes and the 
few that have assessed short term outcomes have found a positive association between weight 
loss and alcohol intake. Dixon et al (2001) found that patients who reported a moderate current 
intake of alcohol (greater than 100 g or 3.5 oz per week) lost more weight one year after surgery 
compared to those who did not consume alcohol. Black et al (2003) suggested that there is a 
positive correlation between a history of alcohol abuse or dependence and BMI change six 
months after surgery, although their findings were not significant. However, none of the studies 






 Psychological conditions, including anxiety, stress, depression, eating behavior disorder 
symptoms and substance abuse are prevalent in the morbidly obese population (Abiles et al, 
2010; Barry et al, 2008; Petry et al, 2008). Mauri et al (2008) reported that about one-fifth of 
bariatric surgery candidates present with a current axis I disorder, and the same proportion had a 
personality disorder. In general, psychological comorbidities have been shown to improve after 
surgery, although a significant minority of patients show no improvement (van Hout et al, 2006).  
Sanchez et al (2009) found that depression, anxiety, impulse to thinness and corporal 
dissatisfaction improved in patients with morbid obesity after bariatric surgery.  A long term 
study by Showalter et al (2008) found both long-term weight loss and improvement in depression 
and self-acceptance, as well as reductions in BMI increased employment and living in a 
partnership, which led to improvements in eating behavior.  
 Less is understood about the value of psychological comorbidities as predictors of weight 
loss and mental health after surgery. A review by Herpertz et al (2004) concluded that 
personality traits have no predictive value for the postoperative course of weight or mental state. 
Apart from serious psychiatric disorders, psychiatric comorbidity is more useful for predicting 
quality of life, specifically mental and physical wellbeing, than for predicting postoperative 
weight loss. However, depressive and anxiety symptoms as correlates of psychological stress 
with regard to obesity seem to be positive predictors of weight loss after surgery. In addition, the 
severity of the symptoms or the disorder is more relevant for the outcome of obesity surgery than 




 Rutledge et al (2011) evaluated patients’ total number of psychiatric indicators, rather 
than individual psychological factors as predictors of weight loss/weight regain and found that 
nearly 75% of patients carried either single or multiple psychiatric diagnoses and 30% regained 
weight after one year. However, psychiatric factors did not predict average one year weight loss, 
although the number of psychiatric factors was correlated with weight change after one year.  
Patients with two or more psychiatric diagnoses were found to be significantly more likely to 





 Current and past tobacco use is common among bariatric surgery candidates. Levine et al 
(2007) reported that 67% of bariatric surgery candidates had a lifetime history of smoking, and 
27% were current smokers. In addition, the average amount of weight gain was 28 lb for 
morbidly obese individuals who attempted to quit smoking in the past, which is significantly 
greater than that in the general population. Smoking cessation is required before a patient can 
undergo surgery since smoking increases risks for surgical adverse outcomes (Gravante et al, 
2007; Livingston et al, 2006; Zhang et al, 2005).  
 Adams et al (2012) were the first to examine the association between preoperative 
tobacco use and weight loss after bariatric surgery in 61 veterans up to 24 months after surgery. 
In their study, all patients who quit smoking within 6 months of surgery resumed in the 
postoperative period.  In addition, resumption of smoking was found to be associated with 





 Regular participation in physical activity is recognized as a key component to long-term 
weight maintenance (Phelan et al, 2010; Dalle et al, 2011).  One behavioral weight control trial 
by Jeffrey et al (2003), showed that participants who expended the recommended 2500 kcal per 
week in physical activity maintained significantly greater weight loss at 12 and 18 months after 
the onset of the intervention compared with those who only expended 1000 kcal per week. Less-
intensive lifestyle activity, such as increasing the number of steps taken daily, has also been 
shown to improve maintenance of a healthy weight (Bravata et al, 2007). 
 Physical activity has also been found to be associated with weight loss success after 
bariatric surgery (Sarwer et al, 2008).  Bariatric programs recommend that patients engage in 
physical activity after surgery and slowly increase intensity as is tolerable. However few studies 
have investigated these changes in physical activity after surgery. Boan et al (2004) conducted a 
study utilizing self-report surveys completed by patients postoperatively, and found that at least 
80% of respondents reported participation in some degree of physical activity.  The intensity and 
duration of physical activity has also been found to be associated with postoperative weight 
(Boan et al, 2004; Bond et al, 2006; Bond et al, 2009). In a study of GBP patients, Evans et al 
(2007) found that participation in 150 minutes per week of at least moderate intensity physical 
activity was associated with greater weight loss 6 and 12 months after surgery. Chevallier et al 
(2007) also found that LAGB patients who did not increase their physical activity from the 
baseline levels more than doubled their likelihood of weight loss failure (i.e. failing to achieve at 






Long Term Follow-up 
 Success after bariatric surgery is often attributed, in part, to regular follow-up with a 
bariatric team. Patients who undergo GBP are typically recommended to return to the bariatric 
surgery program at least every six months in the first two postoperative years and annually 
thereafter (Fujoka, 2005). Adjustments of a gastric band can require follow-up appointments as 
often as every four to six weeks in the first postoperative year and every three months through 
the first three postoperative years (although no protocol for band adjustments has been widely 
accepted) (Favretti et al, 2002). Frequent postoperative visits can be used to monitor patients’ 
weight loss, as well as to counsel them on issues related to dietary adherence and eating 
behavior, which often require reinforcement after surgery (Madan & Tichansky, 2005; Harper et 
al, 2007).  
 Although intention to adhere to the follow up recommendations is discussed throughout 
the screening process, postoperative follow-up is frequently neglected and inadequate follow up 
has been found to negatively affect weight loss, even within the first postoperative year (Madan 
& Tichansky, 2005; Shen et al, 2004).  A report by Gould et al (2007) has shown that only 40% 
of patients returned for each of their first four annual follow-up visits with the bariatric surgeon. 
Patients who adhered to their follow up schedule lost significantly more weight than those 
patients who did not return. A study by Orth et al (2008) also suggested that those who regularly 
participated in a monthly support group experienced greater weight loss than those who did not 
attend.  
 One of the goals of the psychological evaluation is to ensure that patients intend to attend 
regular follow up visits, however preoperative commitment to adhere to the follow up visit 




association between patients' intentions to comply with post-surgical guidelines and self-
efficacy, as well as perceived threat of not following the guidelines, which suggests that self-
efficacy and perceived threat of not following guidelines may be useful to incorporate into 
preoperative evaluations and counseling in order to improve post operative follow-up. 
 
Rationale for the Definition of Significant Weight Regain 
 In this study, significant weight regain was defined as a regain of 30% or more of weight 
that was initially lost after bariatric surgery. It is important to note that the bariatric surgical 
literature varies in the reporting of regain, and many studies note a reduction in percent excess 
weight loss over time or the actual percent of lost weight regained without differentiating 
between significant or expected regain.  Nevertheless it is possible to determine the average 
percent of lost weight regained in these studies. For example, while Barhouch et al (2010) did 
not report absolute weight, they noted that patients regained 8.73% of initial weight and lost an 
average of 83% of their excess weight. Since most of the 93 patients (82%) included in their 
study were female and the average BMI was 48 kg/m
2
, then we can estimate that the average 
initial weight was approximately 280, the average excess weight was approximately 135 lbs, 
therefore patients lost approximately 112 lbs and regained approximately 24 lbs on average, 
therefore we can estimate that patients regained approximately 20 to 25% of their lost weight 
five years after gastric bypass. 
 In their study of 228 patients who underwent GBP, Christou et al (2006) found that the 
average %EWL was 88.6% and by 11 years after surgery patients had an average %EWL of 
67.6%. Assuming patients have to be approximately 100 lbs overweight to qualify for surgery, 




24% of lost weight. In addition, in their study evaluating factors associated with successful 
weight loss after bypass surgery in 165 patients, Abu Dayyeh et al (2011) found that most 
patients (59%) regained 20% or more of the weight they lost after surgery. 
 A review by Ponce and Dixon (2004) note more variable outcomes after LAGB with 
some reports noting ongoing weight loss over five or more years and others showing regain.  
Therefore long-term outcomes after LAGB are not consistent and less understood.  Nevertheless, 
the LAGB procedure has been held to the same standards as GBP in terms of ultimate success, 
therefore the general consensus in the bariatric surgical literature is that patients can expect to 
regain approximately 20% of their lost weight after bariatric procedures.  For this reason, a cut-
point of 30% allows a wide margin beyond what can be expected and a sound rationale for the 
definition of significant regain used in this study. 
  
Rationale for Method 
 During the past decade, bariatric surgery has become an increasingly popular treatment 
option for persons with extreme obesity. Patients who present for bariatric surgery typically do 
so with poor dietary habits and problematic eating behaviors and some even have formal eating 
disorders, such as BED. These factors likely contributed to the development of extreme obesity. 
Postoperatively, caloric intakes typically decrease and eating habits often improve during the 
first postoperative year. The resulting weight loss can be sizable and has been associated with 
significant improvements in obesity-related comorbidities and psychosocial status. 
 However, despite the overall positive outcomes of bariatric surgery, most patients 
experience weight regain in the long term. While a regain of up to 20% is expected, it is possible 




amount (Abu Dayyeh et al, 2011). Clinical observations and a small number of studies have 
suggested that suboptimal weight loss and other untoward outcomes (e.g., malnutrition, 
vomiting, and dumping) are often attributed to poor adherence to the postoperative diet and 
lifestyle recommendations and/or a migration to maladaptive eating behaviors. Thus, the belief is 
growing that sustained improvements in dietary intake and eating behaviors are critical to long-
term success after bariatric surgery. 
 Postoperative dietary adherence and eating behaviors have received only a modest 
amount of research attention to date. These behavioral issues represent perhaps the greatest 
threats to successful long-term weight maintenance after bariatric surgery. Binge eating and 
other problematic behaviors can be conceptualized as a function of an individual’s inability to 
self-regulate food intake. Additional studies are needed to elucidate how they relate specifically 
to weight regain in a population that experienced initial success.  
 Similarly, inadequate follow up poses a risk of relapse of unhealthy behaviors.  Without 
postoperative follow-up patients do not have the support necessary to address the risk of 
recurrence of problematic and disordered eating. The impact of inadequate follow up on weight 
regain must be further explored. 
 The impact of psychological factors on long term outcomes is also important, particularly 
since psychological comorbidities are common among bariatric surgical candidates. Depression, 
as well as self efficacy have been found to improve after surgery, although little is known about 
the impact on long term weight loss.  
 Another area in need of future study is physical activity.  Little research has been done on 




report of activity, it will nonetheless help to elucidate the magnitude of the role that physical 
activity plays in weight regain the long term. 
 Results from this study can uncover specific factors that need attention in long-term 
behavioral modification for bariatric surgery patients and help to tailor procedure selection and 
follow up care to patients’ individual needs in order to optimize long term outcomes. Improving 
long term outcomes could improve health and well-being of patients who undergo bariatric 






CHAPTER 3. METHODS 
 
Summary 
 This retrospective study was conducted to determine the association between long-term 
weight regain and preoperative characteristics, self-reported eating behaviors and lifestyle 
factors, as well as post operative behaviors and outcomes in persons who underwent bariatric 




 This study utilizes a retrospective study design to assess the effects of behavioral and 
physiologic characteristics on weight regain.  The cohort was obtained from a clinical data 
registry maintained at Columbia University Center for Metabolic and Weight Loss Surgery, 
which tracks the characteristics and outcomes of all patients who have undergone bariatric 
surgery since 1996.   
 This study was conducted between December 2011 and April 2012. Expedited approval 
was obtained by the Columbia University Medical Center Institutional Review Board and 
Teacher College Institutional Review Board. Informed consent was waived since this is a review 
of existing clinical data. 
 
Setting and Participants 
Participants 
 Participants are individuals who have met the eligibility criteria for bariatric surgery and 
have undergone either GBP or LAGB procedures at Columbia University Medical Center for 
Metabolic and Weight Loss Surgery. Patients who seek surgery at this site are approximately 43 




private health insurance. This demographic breakdown is similar to other bariatric surgery 
centers in the United States (Flum et al, 2011). 
Inclusion/exclusion criteria 
 All patients who underwent GBP or LAGB procedures with a minimum of five years of 
follow up data available in the clinical registry were included in this study. Patients who did not 
have data available during the critical post-operative weight loss period (at least 2 data points 
between 9 months and 24 months after surgery) were excluded since weight nadir data were not 
available with which to determine weight regain. Patients who underwent biliopancreatic 
diversion, sleeve gastrectomy or who had previous bariatric surgery were excluded due to 
paucity of data for these procedures. GBP and LAGB are the most common weight loss 
procedures performed in the United States and are therefore appropriate to include in this study.  
Sampling 
 A retrospective review of data from all patients who sought bariatric surgery for weight 
loss between 1996 and 2006 at Columbia University Medical Center for Metabolic and Weight 
Loss Surgery was performed.  One thousand, two hundred seventy six (1,276) patients 
underwent primary GBP or LAGB procedures and were followed at Columbia University 
Medical Center.  However, only 180 patients met the study criteria. Twenty eight (28) patients 
were excluded due to a lack of data during the weight loss period from which to determine nadir 
of weight needed to calculate the percent of lost weight regained.  One thousand sixty eight 
(1,068) patients were excluded due to lack of adequate follow up data five years after surgery 
and beyond. Characteristics of the excluded group were assessed and compared to the study 





 Data were collected from a clinical registry that includes all clinical data relevant to 
bariatric surgery, pre, peri and postoperative management, from every patient who has 
undergone bariatric surgery at Columbia University Medical Center for Metabolic and Weight 
Loss Surgery since 1996, including demographics, anthropometric measures, comorbidities, 
intra-operative information, complications, dietary habits/intake and lifestyle habits. Data that 
has been captured for clinical assessment were exported from this clinical registry without 
patient identifiers for use in this study.  Data used in this study were captured by self-
administered questionnaires used for clinical assessment and by medical assessments and patient 
interviews conducted by a surgeon, nurse practitioner, and/or dietician as part of the patients’ 
clinical care. Self- administered questionnaires were completed at home or while patients were 
waiting to see the clinician at the time of their initial consultation.  
 The primary purpose of the self-administered New Patient Questionnaire is to provide 
information about areas that need particular attention during pre and post operative dietary 
counseling. It is important to note that this questionnaire is not validated. The questionnaire 
includes questions about eating and lifestyle habits, as well as psychological factors, particularly 
depression, and the home environment. Questions about alcohol consumption were not included 
in this analysis since most patients reported “social” or “none” rather than providing a number of 
alcoholic beverages consumed per week.  No patients reported that they were recovering from 
drug or alcohol addiction; therefore those measures were not included in this analysis. In 
addition, earlier versions of the questionnaire did not include questions about purging, laxative 
use, night eating, eating breakfast, or food cravings, therefore those items were not included in 
this study. It is also important to note that the question about confidence to lose and maintain 




included in this study since it is an item of interest not assessed by other means, and was thought 
to add to the behavioral aspects of this study. In addition, the 25-item depression and anxiety 
scale was created for clinical purposes from parts of validated questionnaires. Since there was no 
way to score these questions, they were excluded from the study. Note that this questionnaire 




 Age: Calculated as Date of Surgery – Date of Birth. Date of birth was self reported by the 
patient at the time of the initial consultation. Date of surgery was obtained from the operative 
report. 
 Sex: Self reported by the patient at the time of the initial consultation. 
 Preoperative BMI (kg/m²) = weight in kilograms/height in meters² calculated as:  
  Weight (lbs) / (Height (in) x Height (in)) x 703 
Preoperative BMI was calculated from the presurgery weight, which was assessed on the day 
of surgery by a nurse in the admitting area. Height was measured in meters and inches on a 
wall-mounted scale by the medical assistant during the first pre-operative visit. 
 Comorbidities: Assessed during the initial consultation with the nurse practitioner. If the 
status of any conditions is unknown, it was typically clarified at a later date via labs or tests.  
For this study, items that were missing in the clinical registry were clarified against 
additional records (e.g. dietician’s notes, surgeon’s notes, and labs/tests). 
 Type 2 Diabetes: currently taking medication to control blood glucose and/or a fasting 




Note that medication use was self reported while labs pertinent to comorbidities are 
assessed before and after surgery. 
 Hypertension: A blood pressure reading of 140/90 mmHg or above, and/or currently 
taking medication to control blood pressure. 
 Hyperlipidemia: Total cholesterol > 240 mg/dL, triglyceride > 200 mg/dL, LDL 
cholesterol >160 mg/dL, and/or currently taking medication to control blood lipids. 
 Sleep Apnea: Diagnosed by formal sleep study (polysomnography) combined with 
assessment from the Epworth Sleep Scale.  The Epworth Sleep Scale is a questionnaire 
that asks the patient to rate his or her probability of falling asleep on a scale of increasing 
probability from 0 to 3 for eight different situations. The scores for the eight questions are 
added together to obtain a single number. A number in the 0–9 range is considered to be 
normal while a number in the 10–24 range indicates that expert medical advice should be 
sought (Johns, 1991). The Epworth Sleep Scale has been validated in obstructive sleep 
apnea (Hardinge, 1995). 
 Reflux: Patient self report and/or currently taking medication to reflux. 
 Depression: Patient self report of a formal diagnosis or diagnosis by preoperative 
psychological assessment. 
 “Heavy” as a child (≤10 yrs): Obtained from the New Patient Questionnaire completed on or 
before the date of the initial consultation (Note, patients were given this form when they 
attended the patient seminar prior to attending any visits, and/or were advised to print the 
form from the website and complete it before the visit). The question specifically asked: 
“Were you heavy as a child, i.e. 10 years old or younger” and a space was provided for 




 Marital status: Self reported by the patient at the time of the initial consultation on the 
Patient Registration form, which includes check boxes for “Married,” “Single,” 
“Divorced/Separated,” and “Widowed.” Missing data were corrected using data obtained 
from the electronic medical record around the time of surgery. 
 Insurance Type: Obtained from a copy of the insurance card that was provided by the patient 
at the time of the initial consultation. 
 
Preoperative Eating Behaviors 
 Sweet eater: Self-reported by the patient at the time of the initial consultation as part of the 
assessment made by the Nurse Practitioner. It was elicited via discussion and marked “yes” 
or “no” on the preoperative consultation form. 
 Eating food too high in fat: Self-reported by the patient via the New Patient Questionnaire. 
This is part of the checklist under the section “Please check below any dietary problems that 
apply to you.” 
 Eat until uncomfortably full: Self-reported by the patient via the New Patient Questionnaire. 
This is a “yes” or “no” question stated: “Do you eat very large amounts of food until you are 
uncomfortably full two or more times per week?” 
 Emotional eater: Self-reported by the patient via the New Patient Questionnaire. This is a 
“yes” or “no” question stated: “Do you consider yourself to be an emotional eater?” 
 Meal skipping: Self-reported by the patient via the New Patient Questionnaire. This is part of 




 Large portion sizes: Self-reported by the patient via the New Patient Questionnaire. This is 
part of the checklist under the section “Please check below any dietary problems that apply 
to you.” 
 Frequent dining out: Self-reported by the patient via the New Patient Questionnaire. This is 
part of the checklist under the section “Please check below any dietary problems that apply 
to you.” 
 Frequent fast food consumption: Self-reported by the patient via the New Patient 
Questionnaire. This is part of the checklist under the section “Please check below any dietary 
problems that apply to you.” 
 Frequent snacking/grazing: Self-reported by the patient via the New Patient Questionnaire. 
This is part of the checklist under the section “Please check below any dietary problems that 
apply to you.” 
 Cannot cook: Self-reported by the patient via the New Patient Questionnaire. This is part of 
the checklist under the section “Please check below any dietary problems that apply to you.” 
 Frequent thirst: Self-reported by the patient via the New Patient Questionnaire. This is a 




 Number of caffeinated beverages per day: Self-reported by the patient via the New Patient 
Questionnaire. This is an open response question that states: “How many caffeinated 




 Number of sweetened beverages per day: Self-reported by the patient via the New Patient 
Questionnaire. This is an open response question that states: “How many sugar-containing 
beverages (e.g. regular soda, juice, sugar in coffee or tea) do you drink per day?” 
 Times a day consumes sweets: Self-reported by the patient via the New Patient 
Questionnaire. This is an open response question that states: “How many times per day do 
you generally eat sweets (e.g. candy, cake, ice cream, cookies)?” 
 Number of meals consumed per day: Self-reported by the patient via the New Patient 
Questionnaire. This is an open response question that states: “How many meals do you 
generally eat each day?” 
 
 
Lifestyle and Psychological Factors 
 
 Exercise regularly: Self-reported by the patient via the New Patient Questionnaire. This is a 
“yes” or “no” response question that states: “Do you exercise regularly?” 
 Past smoker: Self-reported by the patient via the New Patient Questionnaire. This is a “yes” 
or “no” response related to the question that states: “Have you ever smoked?” If the patient 
responded “yes” to this question, but “no” to the question that states “Do you presently 
smoke?” then past smoker was coded as “yes.” 
 Current smoker: Self-reported by the patient via the New Patient Questionnaire. This is a 
“yes” or “no” response related to the question that states: “Do you presently smoke?”  
 Ever used illicit drugs: Self-reported by the patient via the New Patient Questionnaire. This 





 Ever consulted a mental health professional: Self-reported by the patient via the New Patient 
Questionnaire. This is a “yes” or “no” response under the section that states: “Please circle 
yes or no for the following questions” and reads “Have you ever consulted a 
psychiatrist/psychologist for any problem?” 
 Medication for depression, anxiety, bipolar: Self-reported by the patient via the New Patient 
Questionnaire. This is a “yes” or “no” response under the section that states: “Please circle 
yes or no for the following questions” and reads “Have you ever taken medication for 
depression, anxiety, panic attacks or bipolar disorder?” 
 Diagnosed eating disorder (anorexia, bulimia, BED): Self-reported by the patient via the 
New Patient Questionnaire. This is a “yes” or “no” response under the section that states: 
“Please circle yes or no for the following questions” and reads “Have you ever had an eating 
disorder (anorexia/bulimia/binge eating)?” 
 Hospitalized for psychiatric condition: Self-reported by the patient via the New Patient 
Questionnaire. This is a “yes” or “no” response under the section that states: “Please circle 
yes or no for the following questions” and reads “Have you ever been hospitalized for a 
mental or nervous disorder?” 
 Currently need psychologist: Self-reported by the patient via the New Patient Questionnaire. 
This is a “yes” or “no” response under the section that states: “Please circle yes or no for the 
following questions” and reads “Do you feel you need psychological help now?” 
 Depression affecting work/relationships: Self-reported by the patient via the New Patient 
Questionnaire. This is a “yes” or “no” response under the section that states: “Please circle 
yes or no for the following questions” and reads “Are you so depressed that it interrupts your 




 Unpleasant home life: Self-reported by the patient via the New Patient Questionnaire. This is 
a “yes” or “no” response under the section that states: “Please circle yes or no for the 
following questions” and reads “Is your home life unpleasant?” 
 
Confidence in Achieving/Maintaining Weight Loss 
 Weight loss/maintenance confidence: Reported by the patient via the New Patient 
Questionnaire. Response is on a scale of 1 to 10 with 1 being “Not at all confident” and 10 
being “Very confident.” The instructions read: “On the scale below, please CIRCLE THE 
NUMBER that best indicates how confident you are that you can successfully lose weight and 
keep it off after this surgery.” 
 
Operative Procedure 
 GBP and LAGB groups were determined via the operative note. Only primary (non-revision) 
procedures were included. 
 
Postoperative Outcomes 
 Regain (% of lost weight): defined as a percent of weight lost after surgery. This measure 
was calculated from the weight data captured at follow up visits.  Post operative weight data 
was captured by the medical assistant during each visit. Patient weight was measured on a 
SRScales
TM
 bariatric scale manufactured by SR Instruments, Inc. with a capacity of up to 
1000 lbs.  Regain was calculated from the first lowest weight a patient reaches after surgery, 
as this was considered the weight loss directly attributed to surgery. Subsequent periods of 
weight loss after a period of post-operative weight regain are disregarded. Regain data was 




weight has been discussed in the literature as clinically insignificant, the critical cut point for 
clinically significant weight regain was determined as 30% regain of lost weight. Therefore, 
patients who regained less than 30% of the weight they lost after bariatric surgery were 
categorized in the “No Regain” group, while patients who regained 30% or more of their lost 
weight were categorized in the “Regain” group. 
 Greatest Percent Excess Weight Loss (%EWL) achieved:  Similar to regain, this was 
calculated from the first lowest weight a patient reaches after surgery. Subsequent periods of 
weight loss after a period of post-operative weight regain were disregarded. Percent Excess 
Weight Loss (%EWL) was calculated as: (current weight – excess weight)/excess weight x 
100, where excess weight was defined as presurgical weight minus ideal weight. Ideal weight 
was calculated as: 
 Females ≥60 in.: ideal weight = 100 + 5*(Height (in) - 60) 
 Females ≤60 in.: ideal weight = 100 – 5*(60 – Height (in)) 
 Males ≥60 in.: ideal weight = 106 + 6*(Height (in) - 60) 
 Males ≤60 in.: ideal weight = 106 – 6*(60 – Height (in)) 
 Time to greatest %EWL: The number of years of follow up when the greatest %EWL was 
achieved. This was calculated as the times that lapsed between the date of surgery and date of 
the visit from which the lowest post-surgical weight was recorded.  
 Weight loss failure: defined as failure to lose ≥50%EWL within two years after surgery. This 
definition is widely cited in bariatric surgery literature. 
 Complications: Complications that require medical attention related to the surgical procedure 
or weight loss were assessed at each post operative visit or as they occurred. These included: 




 Gall Bladder Disease/Gall Stones (may be related to weight loss) 
 Esophageal Dilation (more common in LAGB patients due to back up of food into the 
esophagus) 
 Pulmonary Embolism (a blockage of the pulmonary artery, is rare, but can happen 
due to alterations in blood flow after any surgery) 
 Anastomotic Leak (GBP only – a leakage of fluid from the connection created 
between the stomach and bowel, or between two parts of the bowel into the 
abdominal cavity) 
 Bowel Obstruction (the bowel can become kinked or obstructed at any time after 
either surgery. It may cause weight loss if prolonged) 
 Thrombocytopenia (decreased platelets due to vitamin B12 or folic acid deficiency or 
sepsis 
 Incisional Hernia (a hernia caused by a surgical wound that did not heal completely) 
 Wound Infection 
 Stomal Stenosis (a narrowing of the new connection between the stomach and lower 
intestine. May cause weight loss if prolonged) 
 Margrinal Ulcer (an ulcer or fistula at the small bowel connection. This is rare and 
usually happens if the stomach is stapled rather than divided) 
 Band Slippage (a common complication of LAGB. May affect weight loss, but is 
typically corrected quickly) 





 Band Leak (LAGB only - may affect weight loss since pressure is released from the 
band) 
 Atelectasis (lung collapse, a risk of anesthesia) 
 Perforation 
 Bleeding 
 Stenosis (narrowing of a blood vessel) 
 Abcess 
 Deep Vein Thrombosis (blood clot, usually in the vein, most often related to surgery) 
 
Postoperative Follow Up 
 MD/NP Follow up (FU) visits: counted as a visit to the surgeon and/or nurse practitioner in 
the bariatric surgery team that the patient attends after surgery. Patients were advised to 
follow up 2 weeks, 3, 6, 9 and 12 months and then annually after surgery. LAGB patients 
were advised to follow more frequently on an as-needed basis for band adjustments. 
 RD visits: counted as a visit that the patient attends to the bariatric dietician only. 
 Years of follow up: the amount of time the patient has been attending visits since surgery, 
calculated in years. 
 Gap in FU visits: one or more missed follow up visits.  A visit was considered missed if 18 
months or more had lapsed since the previous visit. 
 
Postoperative Eating and Exercise Behaviors 
 Postoperative eating and exercise habits were calculated during the period of weight 




of significant weight loss after a period of weight regain were excluded from this calculation. 
After a period of weight regain, weight loss may be achieved in LAGB patients after an 
adjustment, in GBP patients after sclerotherapy (13 patients underwent sclerotherapy – a 
treatment performed utilizing endoscopy to tighten the anastomosis), after an abdominoplasty 
(14 patients underwent a subsequent abdominoplasty, although there may be additional 
undocumented cases), after a revision operation (20 patients in this study underwent a 
subsequent revision), or as a result of weight loss medication (not documented in the clinical 
registry) or dietary restriction. 
 Eating amount (ounces consumed per meal), Fluid amount (ounces consumed per day) and 
Number of meals per day were assessed by a bariatric nurse practitioner or surgeon at each 
follow up visit based on patient report. Clinicians used visual aides (bowls, cups, models) to 
help patients gauge how much volume they consumed. Meal and fluid amounts were 
measured in ounces.   
 Food intolerance was often reported by patients after bariatric surgery, particularly to meat, 
rice, pasta, and bread. This may be reflected by feelings of discomfort in the small pouch or 
an urgent need to regurgitate.  
 Problems, such as frequent emesis (vomiting), and dumping are common after bariatric 
surgery.  Dumping is experienced by patients who have had GBP. It is an intense nausea that 
occurs after eating sweets, but usually diminishes within the first year of surgery. LAGB 
patients do not experience dumping.  Emesis is typically due to rapid eating, insufficient 
chewing or consuming foods that are too thick in the pureed period. Other problems that are 




to poor eating habits or malabsorption after GBP surgery.  The presence of these problems at 
any point during a period of regain/weight plateau was coded as “yes” 
 Exercise was assessed by the clinician based on patient report. Exercise was categorized as 
insufficient (no exercise or less that 30 minutes of walking 3 days weekly, or the equivalent), 
sufficient (30 minutes of walking 3-7 days weekly, or the equivalent), or ideal (more than 30 
minutes of walking 7 days weekly, or the equivalent). These categories were based on 
recommendations for patients who have undergone bariatric surgery. 
 
 Note that calorie and nutrient intake information captured by the dietician was not 
utilized in this study because it was deemed to be unreliable by the dietician. Caloric intake was 
significantly underreported, therefore the emphasis is on a discussion of eating habits and 
problems, as well as protein intake, which is often inadequate following GBP. Nutrients were 
assessed annually via laboratory tests and deficiencies are addressed via supplementation. 
Laboratory testing was repeated until a deficiency is resolved. Note that adherence to 
supplementation date were only available for GBP patients, since they were at greatest risk of 
deficiency due to the malabsorptive mechanism of the procedure.  Therefore, supplementation 
data were not included in this study. 
 
Procedures for Data Capture 
 Preoperative assessment and patient education begin with mandatory attendance of a 
patient seminar where patients learn about the surgical options and what their follow up care 
entails. They learn that surgery is a tool to be used in combination with diet and exercise in order 




 After attending the seminar, patients visit with the clinicians to evaluate eligibility for 
surgery, comorbidities, to evaluate comorbidities or deficiencies that must be addressed prior to 
surgery and to be educated on dietary changes after surgery. They are advised to begin a low 
fat/high protein diet and exercise regimen prior to surgery, as well as vitamin and mineral 
supplementation which reduces risk of complication and prepares them for behavior 
modification that they must adhere to following surgery to enhance weight loss success (Alami et 
al, 2007; Alvarado et al, 2005). During this period they discuss the best surgical options for them 
based on patient preference and surgeon recommendation. The preoperative assessment can often 
last as long as six months.  
 Data captured during the pre-operative period includes a self-administered New Patient 
Questionnaire (completed at the first consultation), which includes questions about lifestyle and 
dietary habits and psychological tendencies (see Appendix). Additional measures are recorded 
during interviews with practitioners, including comorbidities, medical history and medications.  
Patients are also tested for undiagnosed comorbidities,  including nutrient deficiencies which 
must be under control prior to surgery. Comorbidities are assessed via physical exam, laboratory 
testing, a sleep study and, if indicated, an upper GI series or motility testing. The preoperative 
work up also includes a psychological assessment by a mental health professional outside of the 
surgical practice to determine psychological eligibility.  No standard exists for this assessment 
(Mahony, 2011). Weight assessed at the last visit before surgery is used as the preoperative 
weight for calculation in this study. Comorbidities are assessed at the first visit and may be 
changed if there are new findings during the preoperative assessment (e.g. from labs). If a 
practitioner is unsure of the status of the comorbidity at the time of the initial consultation, the 




 Patients are advised to follow up 2 weeks, 3, 6, 9, and 12 months and then annually after 
surgery for routine management.  LAGB patients are advised to return as needed for band 
adjustments. During those visits, patients meet with a nurse practitioner or surgeon to assess 
complications, status of comorbidities, and any problems that may be related to their procedure 
or dietary habits. They schedule and attend separate visits with a dietician to assess nutrient 
status and obtain nutrition and lifestyle guidance. Behavioral issues noted in the preoperative 
questionnaire are addressed at this time. Any psychological concerns are referred to an outside 
psychologist or psychiatrist.  Patients are also advised to attend monthly support groups held by 
the dietician. These are informal groups with open ended discussions. Clinical data are not 
captured during support group meetings and attendance does not count as a clinical visit.   
 
Data Analysis Plan 
 
Assessment of Patients Included in This Study Versus Those Excluded 
 Patient characteristics (age, sex, preoperative BMI, marital status, insurance type, sweet 
eating tendency and operation choice) were compared between primary LAGB and GBP patients 
included in and excluded from the study using t-test for continuous variables and chi-square for 
categorical variables. 
 
1. What is the average long term weight regain after bariatric surgery? What proportion of 
patients regain at least thirty percent of the weight they lost after bariatric surgery?  
 Average percent regain of weight that was lost after bariatric surgery was calculated for 
the total study group and across each procedure type. Mean percent regain of lost weight was 
compared between the LAGB and GBP groups using a t-test. The proportion of patients that 




after surgery) was calculated in the total number of patients in this study and for each procedure 
type.  The percent of patients who experienced significant regain was compared across 
procedures using a chi-square analysis.  
2. What preoperative physiologic and behavioral factors (patient characteristics, preoperative 
eating behaviors and lifestyle and psychological factors) are predictors of weight regain in 
bariatric surgery patients? 
 Descriptive statistics of all preoperative factors for all patients were assessed. A 
univariate analysis was performed using the generalized linear model to determine the 
association between percent regain (as a continuous variable) and each preoperative variable.  
 Variables that were found to be significant predictors of regain, as well as those that 
trended toward significance (p<.1) using this model were assessed further to elucidate their 
relationship to percent weight regain and determine clinical significance. Specifically, 
differences in percent of lost weight regained was assessed across age categories (18-39, 40-50, 
51-67 years of age) and preoperative BMI categories (BMI 35-45, BMI 45-55 and BMI 55-79  
kg/m
2
) via analysis of variance.  A t-test was performed to determine differences in percent of 
lost weight regained between patients who had private health insurance versus those who did not, 
patients who reported that they tend to eat until they are uncomfortably full versus those who do 
not, patients who dined out frequently versus those who did not, patients who reported that they 
ate large portions versus those who reported that they did not, and between patients who reported 
a weight loss confidence score of 10 versus those who reported a score less than 10.  
 A bivariate analysis of each significant or trending variable was also performed to show 
their distribution across the percent regain groups (Regain, or ≥30% regain of lost weight, versus 




 Collinearity of the significant predictors of weight regain was then assessed by 
determining the variance inflation factor (VIF) and tolerance of each when included together in a 
regression model. If the VIF was found to be greater than 10 or tolerance less than 0.1 for a 
given variable, then a linear combination of variables would be assumed and removal of one of 
the related variables from the model would be warranted. 
 A multivariate analysis was performed using the generalized linear model to determine 
the parameter estimates for each preoperative variable that predicts significant weight regain 
after bariatric surgery. 
 
3. What baseline physiologic and behavioral factors (patient characteristics, preoperative 
eating habits and lifestyle and psychological factors) are predictors of weight regain after 
GBP and after LAGB? 
Gastric Bypass 
 Descriptive statistics of all preoperative factors for GBP patients (n=128) were assessed.  
A univariate analysis was performed using the generalized linear model to determine the 
association between percent regain (as a continuous variable) and each preoperative variable 
within the GBP group as described above.  
 Variables that were found to be significant predictors of regain, as well as those that 
trended toward significance (p<.1) using this model were assessed further to elucidate their 
relationship to percent weight regain and determine clinical significance in GBP patients. 
Specifically, differences in percent of lost weight regained were assessed across age categories 
(18-39, 40-50, 51-67 years of age) via analysis of variance.  A t-test was performed to determine 




versus those who did not, patients who reported that they are sweet eaters versus those who were 
not, emotional eaters versus non-emotional eaters, patients who reported that they frequently 
snacked versus those who reported that they did not, patients who ate sweets more than once a 
day versus those who ate sweets one time or less, and between patients who reported that they 
had used illicit drugs those who reported that they had never used illicit drugs.  
 A bivariate analysis of each significant or trending variable was also performed, as well 
as of number of sweets consumed per day, to show their distribution across the percent regain 
groups. 
 Collinearity of the significant predictors of weight regain was then assessed by 
determining the VIF and tolerance of each when included together in a regression model. If the 
VIF was found to be greater than 10 or tolerance less than 0.1 for a given variable, then a linear 
combination of variables would be assumed and removal of one of the related variables from the 
model would be warranted. 
 A multivariate analysis was performed using the generalized linear model to determine 
the parameter estimates for each preoperative variable that predicts significant weight regain 
following GBP surgery. 
 
Laparoscopic adjustable gastric banding 
 Descriptive statistics of all preoperative factors for LAGB patients (n=52) were assessed. 
A univariate analysis was performed using the generalized linear model to determine the 
association between percent regain (as a continuous variable) and each preoperative variable 




 Variables that were found to be significant predictors of regain, as well as those that 
trended toward significance (p<.1) using this model were assessed further to elucidate their 
relationship to percent weight regain and determine clinical significance in LAGB patients. 
Specifically, differences in percent of lost weight regained were assessed across preoperative 
BMI categories (BMI 35-45, BMI 45-55 and BMI 55-79  kg/m
2
) via analysis of variance.  A t-
test was performed to determine differences in percent of lost weight regained between patients 
who reported a tendency to eat until they were uncomfortably full versus those who did not, 
patients who reported that they tended to eat large portion sizes versus those who did not, 
patients who reported that they frequently dined out versus those who did not, patients who 
drank more than two caffeinated beverages per day versus those who drank two or fewer, and 
patients who reported that they needed mental health care during the preoperative assessment 
versus those who did not.  
 A bivariate analysis of each significant or trending variable was also performed, as well 
as of number of caffeinated beverages consumed per day, to show their distribution across the 
percent regain groups. 
 Collinearity of the significant predictors of weight regain was then assessed by 
determining the VIF and tolerance of each when included together in a regression model. If the 
VIF was found to be greater than 10 or tolerance less than 0.1 for a given variable, then a linear 
combination of variables would be assumed and removal of one of the related variables from the 
model would be warranted. 
 A multivariate analysis was performed using the generalized linear model to determine 





4. What postoperative physiologic and behavioral factors (outcomes, follow up and eating 
and exercise habits) are associated with weight regain after gastric bypass and after 
laparoscopic adjustable banding? 
Gastric Bypass 
 Descriptive statistics of all postoperative factors for GBP patients (n=128) were assessed. 
A univariate analysis was performed using the generalized linear model to determine the 
association between percent regain (as a continuous variable) and each postoperative variable 
within the GBP group.  
 Variables that were found to be significant predictors of regain, as well as those that 
trended toward significance (p<.1) using this model were assessed further to elucidate their 
relationship to percent weight regain and determine clinical significance in GBP patients. 
Specifically, differences in percent of lost weight regained were assessed across categories of 
time it took for patients to achieve their first greatest percent excess weight loss (<1 year, 1-2 
years, >2 years) via analysis of variance.  Analysis of variance was also performed to assess 
differenced in percent of lost weight regained across years of follow up visits that were attended 
(5-6, 6-8, >8 years), and the amount of food consumed at each meal during a regain or weight 
maintenance stage (<8, 8-12, ≥12 ounces per meal). A t-test was performed to determine 
differences in percent of lost weight regained between patients who attended ≤10 NP/MD visits 
versus > 10 visits, and between patients who experienced Abdominal pain during the 
postoperative regain/maintenance period versus those who did not.  
 A bivariate analysis of each significant or trending variable was also performed to show 




 Collinearity of the significant predictors of weight regain was then assessed by 
determining the VIF and tolerance of each when included together in a regression model. If the 
VIF was found to be greater than 10 or tolerance less than 0.1 for a given variable, then a linear 
combination of variables would be assumed and removal of one of the related variables from the 
model would be warranted. 
 A multivariate analysis was performed using the generalized linear model to determine 
the parameter estimates for each postoperative variable that predicts significant weight regain 
following GBP surgery. 
 
Laparoscopic adjustable gastric banding 
 Descriptive statistics of all postoperative factors for LAGB patients (n=52) were 
assessed.  A univariate analysis was performed using the generalized linear model to determine 
the association between percent regain (as a continuous variable) and each postoperative variable 
within the LAGB group.  
 Variables that were found to be significant predictors of regain, as well as those that 
trended toward significance (p<.1) using this model were assessed further to elucidate their 
relationship to percent weight regain and determine clinical significance in LAGB patients.  
Specifically, differences in percent of lost weight regained were assessed across categories of 
greatest percent excess weight achieved prior to a period of regain after surgery (<50%, 50-70%, 
>70% EWL), as well as differences in the time it took for patients to achieve their first greatest 
%EWL (<1 year, 1-2 years, >2 years) via analysis of variance.  A t-test was performed to 
determine differences in percent of lost weight regained between patients who failed to achieve 




attended ≤10 MD/NP visits versus >10 visits, between patients who attended up to 5 visits with 
the dietician versus those who attended more than 5, between patients who experienced 
abdominal pain during the postoperative regain/plateau period, and between patients who 
engaged in insufficient or sufficient exercise during the during the postoperative regain/plateau 
period versus those who did not.  
 A bivariate analysis of each significant or trending variable was also performed to show 
their distribution across the percent regain groups. 
 Collinearity of the significant predictors of weight regain was then assessed by 
determining the VIF and tolerance of each when included together in a regression model. If the 
VIF was found to be greater than 10 or tolerance less than 0.1 for a given variable, then a linear 
combination of variables would be assumed and removal of one of the related variables from the 
model would be warranted. 
 A multivariate analysis was performed using the generalized linear model to determine 
the parameter estimates for each postoperative variable that predicts significant weight regain 
following LAGB surgery. 
 A p-values <0.05 was considered statistically significant for all analyses. Data analysis 




CHAPTER 4. RESULTS 
 
Assessment of patients included in this study versus those excluded 
 There was no significant difference in age, sex, preoperative BMI, marital status, 
insurance type, tendency to eat sweets or operation choice between primary LAGB and GBP 
patients included in this study and those who were excluded (Table 1). 







Age (mean yrs. ± SD) 42.6±10.7 41.1±11.0 .0858 
Sex, % (n) 
    Female 









Pre op BMI (mean ± SD) 49.0±8.1 48.6±8.1 .5205 




















Insurance type, % (n)  
    Private 
    Medicaid 











Sweet eater, % (n) 59.2 (93/157) 57.1 (514/901) .6089 












1. What is the average long term weight regain after bariatric surgery? What proportion of 
patients regain at least thirty percent of the weight they lost after bariatric surgery?   
 The average long-term regain for the study group was 31.9% of lost weight.  Patients 
who underwent LAGB regained significantly more than GBP patients (41.0% versus 28.3%, 
p=.0042). In addition, 46.7% of the study group regained at least 30% of the weight they initially 




weight, although the results were not statistically significant (57.7% versus 42.2%, p=.0588; 
Table 2). 










% of lost weight regained 31.9±23.2 28.3±19.8 41.0±28.2 .0042 
Regain of ≥30% of lost weight 46.7 (84/180) 42.2 (54/128) 57.7 (30/52) .0588 
 
2. What preoperative physiologic and behavioral factors (patient characteristics, preoperative 
eating behaviors and lifestyle and psychological factors) are predictors of weight regain in 
bariatric surgery patients? 
 Table 3 shows the means and percentages (where appropriate) of all preoperative factors 
in the total study group. Note that the average age of the study population was 42.6 years, 77.8% 
were female and the average preoperative BMI was 49.0±8.1kg/m
2
. Most patients held private 
insurance (90.0%) and more than half the patients reported a tendency to eat sweets (59.2%), eat 
until they were uncomfortably full (58.8%), be emotional eaters (65.6%), eat large portion sizes 
(74.1%), dine out frequently (67.9%), frequently eat fast food (53.0%), and snack frequently 
(79.1%). Less than half of the patients reported a tendency toward other eating behaviors or 
lifestyle/psychological factors. The average weight loss confidence rating for the entire group 
was 9.1±1.2, and patients reported a daily intake of approximately two caffeinated beverages, 






Table 3. Descriptive Statistics of Preoperative Factors in All Patients (n=180) 
 
Patient Characteristics 
Age, mean yrs ±SD 42.6±10.7 
Sex, % female (n) 77.8 (140/180) 
Preoperative BMI, mean kg/m
2
±SD 49.0±8.1 
















“Heavy” as a child, % (n) 60.2 (80/133) 



















Sweet eater, % (n) 59.2 (93/157) 
Fatty food eater, % (n) 48.2 (66/137) 
Eat until “uncomfortably full”, % (n) 58.8 (60/102) 
Emotional eater, % (n) 65.6 (82/125) 
Skips meals, % (n) 48.9 (66/135) 
Large portion sizes, % (n) 74.1 (100/135) 
Frequent dining out, % (n) 67.9 (89/131) 
Frequent fast food, % (n) 53.0 (62/117) 
Frequent snacking, % (n) 79.1 (105/134) 
Cannot cook, % (n) 11.6 (14/121) 
Frequent thirst, % (n) 35.0 (41/117) 
Caffeinated beverages per day, mean±SD  2.3±2.2 
Sweetened beverages per day, mean ±SD 1.3±1.8 
Sweets per day, mean ±SD  1.5±1.8 
Meals  per day, mean±SD 2.9±0.8 
Psychological and Lifestyle Factors 
Exercise regularly, % (n) 24.3 (32/131) 
Past smoker, % (n) 
Current smoker, % (n) 
39.2 (49/125) 
15.8 (22/139) 
Ever used illicit drugs, % (n) 12.2 (16/132) 




Psychiatric medication, % (n) 37.8 (51/135) 
Eating disorder, % (n) 13.4 (17/127) 
Psych Hospitalization, % (n) 3.1 (4/130) 
Needs psychologist, % (n) 18.5 (25/135) 
Disruptive depression, % (n) 9.3 (12/129) 
Unpleasant home, % (n) 8.6 (11/128) 
Weight loss confidence rating, mean±SD (range) 9.1±1.2 (5-10) 
 
 
 The univariate analysis showed that without controlling for other factors, younger age, 
greater preoperative BMI, not eating until “uncomfortably full” or eating large portions before 
surgery were significant predictors of percent of weight regain, while private health insurance, 
not dining out frequently and lower weight loss confidence trended toward significance. All 
other variables did not significantly predict weight regain (Table 4).  
Table 4. GLM Univariate Results Assessing Preoperative Factors as Predictors of Percent of 
Lost Weight Regained in All Patients 
 
Patient Characteristics df F p-value ß Std. Err t 
Age 179 4.63 .0328 -0.34 0.16 -2.15 
Sex (Female) 179 0.33 .5666    

































   


















































Sweet eater 156 0 .9810    
Fatty food eater 136 0 .9707    
Eat until “uncomfortably full” 101 7.58 .0070 -11.36 4.12 -2.75 
Emotional eater 124 1.33 .2503    
Skips meals 134 2.25 .1358    
Large portion sizes 134 4.80 .0302 -9.41 4.30 -2.19 
Frequent dining out 130 2.83 .0951 -7.24 4.31 -1.68 
Frequent fast food 116 1.74 .1902    
Frequent snacking 133 0.05 .8300    
Cannot cook 120 0.43 .5126    
Frequent thirst 116 2.04 .1557    
Caffeinated beverages per day  119 0.88 .3487    
Sweetened beverages per day 112 0.38 .5366    
Sweets per day  112 2.47 .1188    
Meals  per day 119 0.04 .8480    
Psychological and Lifestyle Factors 









   
Ever used illicit drugs 131 0.32 .5730    
Mental health consult 138 0.38 .5382    
Psychiatric medication 134 0.65 .4207    
Eating disorder 126 2.13 .1467    
Psych Hospitalization 129 0.80 .3714    
Needs psychologist 134 0.02 .8902    
Disruptive depression 128 0.20 .6544    
Unpleasant home 127 0.08 .7800    
Weight loss confidence rating 82 3.71 .0693 -3.58 1.89 -1.89 
 
  
 When mean percent of lost weight regained was assessed within each potential predictor 
category preoperative BMI, tendency to eat until uncomfortably full and weight loss confidence 
remained significant (Table 5). Note that as preoperative BMI increased, percent of weight 
regained decreased over BMI categories. Patients who reported that they ate until they were 





Table 5. ANOVA and t-test Comparison of Percent of Lost Weight Regained Across 
Preoperative Predictors in All Bariatric Surgery Patients 
 





























Eats until “uncomfortably full” 




Eats large portion sizes 




Frequent dining out 




Weight loss confidence rating of 10 







 Similarly, when each potential predictor was assessed across regain groups (regain of 
30% or more of excess weight versus those who did not regain a significant amount of excess 
weight), preoperative BMI (47.4 versus 50.4 kg/m
2
, p=.0150), tendency to eat until 
uncomfortably full (46.2% versus 66.7%, p=.0408) and weight loss confidence rating (8.7 versus 












Preoperative BMI (mean kg/m
2
±SD) 47.4±7.5 50.4±8.4 .0150 
Age (mean years±SD) 41.3±9.9 43.7±11.3 .1328 
Private insurance 94.1 (79/84) 86.5 (83/96) .0904 
Eats until “uncomfortably full”, % (n) 46.2 (18/39) 66.7 (42/63) .0408 
Eats large portion sizes. % (n) 68.9 (42/61) 78.4 (58/74) .2088 
Frequent dining out, % (n) 64.4 (38/59) 70.8 (51/72) .4330 









 A test for collinearity showed no collinearity between preoperative BMI, tendency to eat 
until uncomfortably full and weight loss confidence (Table 7). 
Table 7.  Test for Multicollinearity Among Significant Preoperative Predictive Factors in All 
Patients 
 
Predictor VIF Tolerance 
Preoperative BMI 1.01 0.99 
Eats until “uncomfortably full” 1.01 0.99 
Weight loss confidence rating 1.02 0.99 
 VIF: Variable inflation 
 
 
 A multivariate analysis showed decreased preoperative weight loss confidence to be the 
only significant predictor of substantial weight regain after bariatric surgery, where the odds of 
substantial regain decreased by a factor of 0.896 for each increase in confidence rating.  The 
odds of significant regain was therefore 0.896 less likely with each single increase in weight loss 
confidence rating (p=.0117). Tendency to eat until uncomfortably full and preoperative BMI 





Table 8.  GLM Multivariate Results Predicting Weight Regain of 30% or More of Lost Weight 












Preoperative BMI -0.01 0.01 .0575 0.990 
Eats until “uncomfortably full” -0.13 0.11 .2238 0.879 
Weight loss confidence rating -0.11 0.04 .0117 0.896 
 
 
3. What baseline physiologic and behavioral factors (patient characteristics, preoperative 
eating habits and lifestyle and psychological factors) are predictors of weight regain after 
gastric bypass surgery and after laparoscopic adjustable banding? 
Gastric Bypass: 
 Table 9 shows the means and percentages (where appropriate) of all preoperative factors 
in the GBP group. Note that the average age of GBP patients was 42.2 years, 82% were female 
and the average preoperative BMI was 50.0±8.5kg/m
2
. Most patients held private insurance 
(88.3%) and more than half the patients reported a tendency to eat sweets (71.0%), eat fatty food 
(53.7%), eat until they were uncomfortably full (58.7%), be emotional eaters (66.7%), eat large 
portion sizes (72.5%), dine out frequently (71.6%), frequently eat fast food (57.7%), and snack 
frequently (81.3%). Less than half of the patients reported a tendency toward other eating 
behaviors or lifestyle/psychological factors. The average weight loss confidence rating for the 
entire group was 9.2±1.0, and patients reported a daily intake of approximately 2.5 caffeinated 





Table 9. Descriptive Statistics of Preoperative Factors in GBP Patients (n=128) 
 
Patient Characteristics 
Age, mean yrs ±SD 42.2±10.6 
Sex, % female (n) 82.0 
Preoperative BMI, mean kg/m
2
±SD 50.0±8.5 
















“Heavy” as a child, % (n) 60.2 (53/88) 



















Sweet eater, % (n) 71.0 (76/107) 
Fatty food eater, % (n) 53.7 (51/95) 
Eat until “uncomfortably full”, % (n) 58.7 (37/63) 
Emotional eater, % (n) 66.7 (54/81) 
Skips meals, % (n) 48.9 (45/92) 
Large portion sizes, % (n) 72.5 (66/91) 
Frequent dining out, % (n) 71.6 (63/88) 
Frequent fast food, % (n) 57.7 (45/78) 
Frequent snacking, % (n) 81.3 (74/91) 
Cannot cook, % (n) 9.0 (7/78) 
Frequent thirst, % (n) 37.3 (28/75) 
Caffeinated beverages per day, mean±SD  2.5±2.5 
Sweetened beverages per day, mean ±SD 1.6±2.0 
Sweets per day, mean ±SD  1.8±2.1 
Meals  per day, mean±SD 3.0±0.9 
Psychological and Lifestyle Factors 
Exercise regularly, % (n) 25.0 (23/92) 
Past smoker, % (n) 
Current smoker, % (n) 
39.8 (33/83) 
18.1 (17/94) 
Ever used illicit drugs, % (n) 14.4 (13/90) 




Psychiatric medication, % (n) 41.1 (37/90) 
Eating disorder, % (n) 17.1 (14/82) 
Psych Hospitalization, % (n) 4.7 (4/85) 
Needs psychologist, % (n) 23.1 (21/91) 
Disruptive depression, % (n) 10.6 (9/85) 
Unpleasant home, % (n) 9.5 (8/84) 
Weight loss confidence rating, mean±SD (range) 9.2±1.0 (5-10) 
 
 
 The univariate analysis showed that without controlling for other factors, younger age, 
presence of gastroesophageal reflux, and emotional eating reported before surgery were 
significant predictors of increased percent of weight regain after GBP, while private health 
insurance, tendency to eat sweets, frequent snacking, number of sweets consumed daily, and 
report of using drugs at some point before surgery trended toward significance. All other 
variables did not significantly predict weight regain in GBP patients (Table 10).  
Table 10. GLM Univariate Results Assessing Preoperative Factors as Predictors of Percent of 
Lost Weight Regained in GBP Patients 
 
Patient Characteristics df F p-value ß Std. Err t 
Age 127 4.38 .0385 -0.34 0.16 -2.09 
Sex (Female) 127 0.45 .5031    



































































































Sweet eater 106 3.08 .0821 7.48 4.26 1.76 
Fatty food eater 94 2.65 .1070    
Eat until “uncomfortably full” 62 0.40 .5292    
Emotional eater 80 6.22 .0148 9.49 3.81 2.49 
Skips meals 91 0.43 .5118    
Large portion sizes 90 0.08 .7760    
Frequent dining out 87 0.02 .8902    
Frequent fast food 77 1.37 .2452    
Frequent snacking 90 2.96 .0890 8.26 4.80 1.72 
Cannot cook 77 0.00 .9526    
Frequent thirst 74 2.54 .1155    
Caffeinated beverages per day  76 0.24 .6221    
Sweetened beverages per day 71 0.52 .4719    
Sweets per day  69 10.18 .0021 3.25 1.02 3.19 
Meals  per day 74 1.67 .2006    
Psychological and Lifestyle Factors 









   
Ever used illicit drugs 89 2.88 .0930 9.02 5.31 1.70 
Mental health consult 94 0.03 .8650    
Psychiatric medication 89 0.61 .4383    
Eating disorder 81 0.16 .6917    
Psych Hospitalization 84 0.43 .5147    
Needs psychologist 90 0.13 .7189    
Disruptive depression 84 0.01 .9349    
Unpleasant home 83 0.98 .3245    




 When mean percent of lost weight regained was assessed within each potential predictor 
category, presence of gastroseophageal reflux, emotional eating, and consuming sweets more 





Table 11. ANOVA and t-test Comparison of Percent of Lost Weight Regained Across Predictors 
in GBP Patients 
 






































Consumes sweets >1x per day 




Has used illicit drugs 






 When each potential predictor was assessed across regain groups (regain of 30% or more 
of excess weight versus those who did not regain a significant amount of excess weight), 
presence of gastroseophageal reflux (56.6% versus 36.5%, p=.0246), emotional eating (79.4% 
versus 57.5%, p=.0385) and illicit drug use (23.1% versus 7.8%, p=.0416) remained significant 
(Table 12). 
Table 12. Chi-Square and t-test Comparison of Percent of Preoperative Factors Across Regain 








Age (mean years±SD) 41.3±9.7 42.9±11.2 .4086 
Gastroesophageal reflux, % (n) 56.6 (30/53) 36.5 (27/74) .0246 
Private insurance, % (n) 92.6 (50/54) 85.1 (63/74) .1952 




Emotional eater. % (n) 79.4 (27/34) 57.5 (27/47) .0385 
Frequent snacking, % (n) 89.2 (33/37) 75.9 (41/54) .1108 
Number sweets per day (mean±SD) 2.1±2.2 1.6±2.1 .2975 
Consumes sweets >1x per day, % (n) 51.7 (15/29) 39.0 (16/41) .2920 
Has used illicit drugs, % (n) 23.1 (9/39) 7.8 (4/51) .0416 
 
 
 A test for collinearity showed no collinearity between potential predictors (Table 13). 
Table 13.  Test For Multicollinearity Among Significant Preoperative Predictive Factors In 
GBP Patients 
 
Predictor VIF Tolerance 
Gastroesophageal reflux 1.04 0.96 
Emotional eater 1.06 0.94 
Consumes sweets >1x per day 1.70 0.59 
Has used illicit drugs 1.00 1.0 
 VIF: Variable inflation 
 
 
 A multivariate regression shows that only report of ever using illicit drugs remained 
significant (p=.0170) as a positive predictor of significant weight regain after GBP. The odds of 
regaining at least 30% of weight lost after surgery were 1.522 for those who had used illicit 
drugs versus those who had not. All other variables included in the model were not significant 
predictors of substantial regain for GBP patients in the multivariate regression analysis (Table 
14). 
Table 14.  GLM Multivariate Results Predicting Weight Regain of 30% or More  












Gastroesophageal reflux 0.23 0.13 .0722 1.259 
Emotional eater 0.15 0.13 .2737 1.162 
Consumes sweets >1x per day 0.06 0.12 .6849 1.062 





Laparoscopic Adjustable Banding 
 Table 15 shows the means and percentages (where appropriate) of all preoperative factors 
in the LAGB group. Note that the average age of LAGB patients was 43.6 years, 67.3% were 
female and the average preoperative BMI was 46.5±6.6kg/m
2
. Most patients held private 
insurance (94.2%) and more than half the patients reported a tendency to eat until they were 
uncomfortably full (59.0%), be emotional eaters (63.6%), eat large portion sizes (77.3%), dine 
out frequently (60.5%), and snack frequently (74.4%). Less than half of the patients reported a 
tendency toward other eating behaviors or lifestyle/psychological factors. The average weight 
loss confidence rating for the entire group was 8.9±1.4, and patients reported a daily intake of 
approximately two caffeinated beverages, one sweetened beverages, one sweet and almost three 
meals. 
Table 15. Descriptive Statistics of Preoperative Factors in LAGB Patients (n=52) 
 
Patient Characteristics 
Age, mean yrs ±SD 43.6±11.1 
Sex, % female (n) 67.3 
Preoperative BMI, mean kg/m
2
±SD 46.5±6.6 
















“Heavy” as a child, % (n) 60.0 (27/45) 



















Medicare 5.8 (3/52) 
Eating behaviors 
Sweet eater, % (n) 34.0 (27/50) 
Fatty food eater, % (n) 35.7 (15/42) 
Eat until “uncomfortably full”, % (n) 59.0 (23/39) 
Emotional eater, % (n) 63.6 (28/44) 
Skips meals, % (n) 48.8 (21/43) 
Large portion sizes, % (n) 77.3 (34/44) 
Frequent dining out, % (n) 60.5 (26/43) 
Frequent fast food, % (n) 43.6 (17/39) 
Frequent snacking, % (n) 74.4 (32/43) 
Cannot cook, % (n) 16.3 (7/43) 
Frequent thirst, % (n) 31.0 (13/42) 
Caffeinated beverages per day, mean±SD  1.9±1.5 
Sweetened beverages per day, mean ±SD 0.9±1.3 
Sweets per day, mean ±SD  1.1±1.0 
Meals  per day, mean±SD 2.7±0.8 
Psychological and lifestyle factors 
Exercise regularly, % (n) 23.1 (9/39) 
Past smoker, % (n) 
Current smoker, % (n) 
38.1 (16/42) 
11.1 (5/45) 
Ever used illicit drugs, % (n) 7.1 (3/42) 
Mental health consult, % (n) 31.8 (14/44) 
Psychiatric medication, % (n) 31.1 (14/45) 
Eating disorder, % (n) 6.7 (3/45) 
Psych Hospitalization, % (n) 0 (0/45) 
Needs psychologist, % (n) 9.1 (4/44) 
Disruptive depression, % (n) 6.8 (3/44) 
Unpleasant home, % (n) 6.8 (3/44) 
Weight loss confidence rating, mean±SD (range) 8.9±1.4 (5-1)) 
 
 
 The univariate analysis showed that without controlling for other factors, not eating until 
uncomfortably full or eating large portion sizes before surgery were significant predictors of 
percent of weight regain after LAGB, while lower preoperative BMI, not dining out frequently, 
increased consumption of caffeinated beverages, and a reported need for mental health care at 
the time of the preoperative assessment trended toward significance. All other variables did not 




Table 16. GLM Univariate Results Assessing Preoperative Factors as Predictors of Percent of 
Lost Weight Regained in LAGB Patients 
 
Patient Characteristics df F p-value ß Std. Err t 
Age 51 1.67 .2022    
Sex (Female) 51 0.80 .3751    

































   






































   
Eating Behaviors 
Sweet eater 49 0.01 .9231    
Fatty food eater 41 0.78 .3822    
Eat until “uncomfortably full” 38 11.53 .0016 -25.82 7.60 -3.40 
Emotional eater 43 0.06 .8102    
Skips meals 42 2.32 .1355    
Large portion sizes 43 12.03 .0012 -30.81 8.88 -3.47 
Frequent dining out 42 3.73 .0603 -17.01 8.80 -1.93 
Frequent fast food 38 1.93 .1727    
Frequent snacking 42 0.78 .3833    
Cannot cook 42 0.18 .6770    
Frequent thirst 41 0.66 .4217    
Caffeinated beverages per day  43 4.02 .0515 5.69 2.84 2.00 
Sweetened beverages per day 40 1.21 .2783    
Sweets per day  42 0.17 .6825    
Meals  per day 44 0.22 .6444    
Psychological and Lifestyle Factors 









   




Mental health consult 43 0.00 .9593    
Psychiatric medication 44 0.71 .4041    
Eating disorder 44 2.02 .1623    
Psych Hospitalization 44 - -    
Needs psychologist 43 3.00 .0907 24.87 14.36 1.73 
Disruptive depression 43 1.16 .2866    
Unpleasant home 43 0.70 .4060    




 When mean percent of lost weight regained was assessed within each potential predictor 
category not eating until uncomfortably full or consuming large portion sizes remained 
significant (Table 17).  
Table 17. ANOVA and t-test Comparison of Percent of Lost Weight Regained Across Predictors 
in LAGB Patients 
 















Eats until “uncomfortably full” 




Eats large portion sizes 




Frequently dines out 




Consumes caffeinated beverages > 2x per day 




Currently needs a psychologist 






 When each potential predictor was assessed across regain groups (regain of 30% or more 
of excess weight versus those who did not regain a significant amount of excess weight), 
consuming large portion sizes (65.2% versus 90.5%, p=.0458) and frequently dining out before 




Table 18. Chi-Square and t-test Comparison of Percent of Preoperative Factors Across Regain 










±SD) 45.2±5.4 48.1±7.8 .1187 
Eats until “uncomfortably full”, % (n) 45.0 (9/20) 73.7 (14/19) .0687 
Large portion sizes, % (n) 65.2 (15/23) 90.5 (19/21) .0458 
Frequently dines out, % (n) 43.5 (10/23) 80.0 (16/20) .0146 
Number caffeine beverages per day (mean±SD) 2.2±1.7 1.6±1.1 .1734 
Currently needs a psychologist, % (n) 13.0 (3/23) 4.8 (1/21) .3399 
 
 
A test for collinearity showed no collinearity between potential predictors (Table 19). 
Table 19.  Test for Multicollinearity Among Significant Preoperative Predictive Factors in 
LAGB Patients 
 
Predictor VIF Tolerance 
Eats until “uncomfortably full” 1.10 0.91 
Large portion sizes 1.10 0.91 
Frequently dines out 1.00 1.00 
 VIF: Variable inflation 
 
 
  A multivariate analysis shows tendency to consume large portion sizes before 
surgery (p=.0475) and frequently dining out before surgery (p=.0037) to be predictors of 
significant weight regain after LAGB. The odds of regaining at least 30% of weight lost after 
surgery are 0.677 times less likely for those who tend to eat large portion sizes and 0 .638 times 
less likely for those who tended to dine out frequently versus those who do not. Eating until 



















Eats until “uncomfortably full” -0.18 0.15 .2506 .835 
Large portion sizes -0.39 0.19 .0475 .677 
Frequently dines out -0.45 0.14 .0037 .638 
 
 
4. What postoperative physiologic and behavioral factors (outcomes, follow up and eating 
and exercise habits) are associated with weight regain after gastric bypass and after 
laparoscopic adjustable banding? 
Gastric Bypass: 
 Table 21 shows the means and percentages (where appropriate) of all postoperative 
factors in the GBP group. Note that the average first greatest %EWL achieved by GBP patients 
was 65.7±15.9% and was achieved in an average of 1.8 years. Thirteen percent of patients failed 
to lose 50% or more of their excess weight and 29% of patients experienced complications at 
some point in their follow up course. GBP patients attended an average of 10 visits with the 
nurse practitioner or surgeon and 5 visits with the dietician. Most patients (60.8%) reported 
insufficient exercise during a period of plateau or regain, and most did not experience problems 
during the regain or plateau period. 
Table 21. Descriptive Statistics of Postoperative Factors in GBP Patients (n=128) 
 
Outcomes  
Greatest postop %EWL (mean±SD) 65.7±15.9 
Years to achieve greatest %EWL (mean±SD) 1.8±1.2 
Weight loss failure, % (n) 13.3 (17/128) 
Complications, % (n) 29.7 (38/128) 
Follow up 
Number of MD/NP visits (mean±SD)  10.0±3.5 




Years of Follow up (mean±SD)   7.3±1.8 
Gap in FU visits, % (n) 83.1 (103/124) 
Eating and Exercise Behaviors 
Food consumed per meal (oz) (mean±SD) 9.2±2.6 
Fluid consumed per meal (oz) (mean±SD) 50.9±24.3 
Number of meals per day (mean±SD) 4.6±4.1 
Food intolerance, % (n) 14.6 (12/82) 
Problems, % (n): 
    Emesis 
    Dumping 
    Constipation 
    Flatulence 
    Diarrhea 








Exercise, % (n): 
 Insufficient 
    Sufficient 







 The univariate analysis showed that without controlling for other factors, increased 
number of MD/NP visits and increased years of follow up were significant predictors of percent 
of weight regain after GBP, while fewer years to achieve the greatest %EWL, the greater ounces 
of food consumed at each meal and presence of abdominal pain during a regain or weight plateau 
stage trended toward significance. All other variables did not significantly predict weight regain 
in GBP patients (Table 22).  
Table 22. GLM Univariate Results Assessing Postoperative Factors as Predictors of Percent of 
Lost Weight Regained in GBP Patients 
 
Outcomes df F p-value ß Std. Err t 
Greatest postop %EWL 127 0.75 .3876    
Years to achieve greatest %EWL 127 3.34 .0699 -2.58 1.41 -1.83 
Weight loss failure 127 2.66 .1053    
Complications (%) 127 2.48 .1177    
Follow up 
Number of MD/NP visits  127 4.26 .0411 1.03 0.50 2.06 
Number of RD visits 105 1.31 .2557    
Years of Follow up   127 8.33 .0046 2.47 0.85 2.89 




Eating and Exercise Behaviors 
Food consumed per meal (oz) 73 2.94 .0906 1.38 0.80 1.72 
Fluid consumed per meal (oz) 67 1.42 .2369    
Number of meals per day 72 0.02 .8858    
Food intolerance 81 0.39 .5319    
Problems: 
    Emesis 
    Dumping 
    Constipation 
    Flatulence 
    Diarrhea 













































    Sufficient 













   
 
 
 When mean percent of lost weight regained was assessed within each potential predictor 
category, only the number of MD/NP visits remained significant (Table 23).  
Table 23. ANOVA and t-test Comparison of Percent of Lost Weight Regained Across 
Postoperative Predictors in GBP Patients 
 




















Years of Follow up: 
5-6 years 
6-8 years 















Abdominal pain during regain period 







 When each potential predictor was assessed across regain groups (regain of 30% or more 
of excess weight versus those who did not regain a significant amount of excess weight), the 
number of NP/MD visits (10.7 versus 9.4 years, p=.0329) and years of follow up (7.8 versus 6.9 
years, p=.0092) remained significant (Table 24). 
Table 24. Chi-Square and t-test Comparison of Percent of Postoperative Factors Across Regain 








Years to achieve greatest %EWL (mean±SD) 1.6±1.2 2.0±1.2 .0654 
Number of MD/NP visits (mean±SD) 10.7±3.5 9.4±3.4 .0329 
Years of Follow up (mean±SD)  7.8±2.0 6.9±1.6 .0092 
Food consumed per meal (mean oz±SD) 9.5±3.7 9.0±2.4 .3807 
Abdominal pain during regain period, % (n) 12.2 (5/41) 4.1 (2/49) .1523 
 
 
 A test for collinearity showed no collinearity between potential predictors (Table 25). 
Table 25.  Test for Multicollinearity Among Significant Postoperative Predictive Factors in GBP 
Patients 
 
Predictor VIF Tolerance 
Number of MD/NP visits 1.06 0.95 
Years of Follow up  1.06 0.95 
 VIF: Variable inflation 
 
 
 A multivariate analysis shows years of follow up to be a predictor of significant weight 
regain after GBP (p=.0298). This indicates that the odds of significant regain is 1.05 times more 
likely for each year of follow up. Increased visits to the nurse or surgeon was not a significant 


















Number of NP/MD visits 0.02 0.01 .0845 1.020 
Years of Follow up  0.05 0.02 .0298 1.051 
 
Laparoscopic adjustable gastric banding: 
 Table 27 shows the means and percentages (where appropriate) of all postoperative 
factors in the LAGB group. Note that the average first greatest %EWL achieved by LAGB 
patients was 53.9±20.0% and was achieved in an average of 2.4 years. Thirty six and a half 
percent of patients failed to lose 50% or more of their excess weight and 50% of patients 
experienced complications at some point in their follow up course. LAGB patients attended an 
average of 18 visits with the nurse practitioner or surgeon and 4 visits with the dietician. Most 
patients (66.7%) of patients reported insufficient exercise during a period of plateau or regain, 
and most did not experience problems during the regain or plateau period. 
Table 27. Descriptive Statistics of Postoperative Factors in LAGB Patients (n=52) 
 
Outcomes  
Greatest postop %EWL (mean±SD) 53.9±20.0 
Time to achieve greatest %EWL (mean±SD) 2.4±1.6 
Weight loss failure, % (n) 36.5 (19/52) 
Complications, % (n) 50.0 (26/52) 
Follow up 
Number of NP/MD visits (mean±SD)  18.3±7.1 
Number of RD visits (mean±SD) 4.2±2.8 
Years of Follow up (mean±SD)   6.5±1.5 
Gap in FU visits, % (n) 57.1 (28/49) 
Eating and Exercise Behaviors 
Food consumed per meal (oz) (mean±SD) 9.7±2.8 
Fluid consumed per meal (oz) (mean±SD) 54.6±15.2 
Number of meals per day (mean±SD) 3.9±1.3 




Problems, % (n): 
    Emesis 
        Constipation 
    Flatulence 
    Diarrhea 







Exercise, % (n): 
 Insufficient 
    Sufficient 






 The univariate analysis showed that without controlling for other factors, lower greatest 
%EWL achieved, fewer number of years to achieve it, postoperative weight loss failure, presence 
of abdominal pain, as well as insufficient or sufficient exercise during a period of weight regain 
or plateau were significant predictors of percent of weight regain after LAGB, while increased 
number of MD/NP visits and number of dietician visits trended toward significance. All other 
variables did not significantly predict weight regain in LAGB patients (Table 28).  
Table 28. GLM Univariate Results Assessing Postoperative Factors as Predictors of Percent of 
Lost Weight Regained in LAGB Patients 
 
Outcomes df F p-value ß Std. Err t 
Greatest psotop %EWL 51 6.43 .0144 -47.53 18.74 -2.54 
Years to achieve greatest %EWL 51 4.45 .0400 -5.05 2.40 -2.11 
Weight loss failure 51 4.35 .0421 16.38 7.85 2.09 
Complications (%) 51 2.42 .1258    
Follow Up 
Number of NP/MD visits  51 3.11 .0839 0.95 0.54 1.76 
Number of RD visits 44 2.98 .0912 2.60 1.50 1.73 
Years of Follow up   51 0.01 .9161    
Gap in FU visits (%) 51 0.39 .5352    
Eating and Exercise Behaviors 
Eating amnt (oz/meal) 33 0.01 .9349    
Fluid amnt (oz/meal) 29 0.15 .6990    
Number of meals per day 35 0.95 .3375    
Food intolerance 36 0.06 .8077    
Problems: 
    Emesis 
        Constipation 




























    Diarrhea 















    Sufficient 
























 When mean percent of lost weight regained was assessed within each potential predictor 
category, postoperative weight loss failure, presence of abdominal pain and insufficient or 
sufficient exercise during a period of weight regain or plateau remained significant (Table 29).  
Table 29. ANOVA and t-test Comparison of Percent of Lost Weight Regained Across 
Postoperative Predictors in LAGB Patients 
 






















Weight Loss Failure (<50% EWL) 


















Abdominal pain during regain period 


















 When each potential predictor was assessed across regain groups (regain of 30% or more 
of excess weight versus those who did not regain a significant amount of excess weight), 
presence of abdominal pain during a period of weight regain or plateau (24.0% versus 0, 
p=.0463) and years it took to reach the first greatest %EWL (1.9 versus 3.1 years, p=.0093) were 
significant (Table 30). 
Table 30. Chi-Square and  t-test Comparison of Percent of Postoperative Factors Across Regain 








Greatest postop %EWL (mean±SD) 51.9±22.5 56.5±16.1 .4157 
Years to achieve greatest %EWL (mean±SD) 1.9±1.4 3.1±1.7 .0093 
Weight loss failure, % (n) 40.0 (12/30) 31.8 (7/22) .5450 
Number of NP/MD visits (mean±SD) 19.7±6.7 16.5±7.5 .1027 
Number of RD visits (mean±SD) 4.5±3.1 3.8±2.4 .3788 
Abdominal pain during regain period, % (n) 24.0 (6/25) 0 (0/14) .0463 
Exercise, % (n): 
Insufficient 











 A test for collinearity showed no collinearity between potential predictors (Table 31). 
Table 31.  Test for Multicollinearity Among Significant Postoperative Predictive Factors in 
LAGB Patients 
 
Predictor VIF Tolerance 
Years to achieve greatest %EWL 1.18 0.96 
Weight loss failure 1.07 0.95 







 VIF: Variable inflation 
 
 
 A multivariate analysis shows that no postoperative factors were associated with a 




Table 32. GLM Multivariate Results Predicting Weight Regain of 30% or More of Lost Weight 
After LAGB 
 
Parameter ß Std. Err p-value Odds Ratio 
 Exp(ß) 
Years to achieve greatest %EWL .004 .075 .9617 1.004 
Weight loss failure -0.06 0.19 .7596 0.941 















CHAPTER 5. DISCUSSION 
 
 Several studies have suggested that body weight is a complex function of genetic, 
behavioral, psychological, and environmental factors (Grilo & Pogue-Geile, 1991).  While the 
majority of patients in this study reporting that they were heavy under the age of ten suggests 
that genetics may be a strong contributor to obesity in this population. Considerable variability in 
weight and outcomes in the long term after bariatric surgery remains to be explained by 
behavioral and psychological factors. This study uncovers baseline eating behavior and lifestyle 
factors which may be predictive of significant long term weight regain and suggests that these 
factors warrant individualized attention during the post operative period. 
 
Regain is greater after LAGB 
 In this study the average amount of lost weight regained was significantly greater after 
LAGB versus GBP. The percent of patients who experienced substantial regain (more than 30% 
of their lost weight) was also greater in the LAGB group, although the results did not reach 
significance.  Many studies note that long term weight loss is superior after GBP compared to 
LAGB (Chakravarty et al, 2012; Zuegel et al, 2012; Shah et al, 2006), although some argue that 
despite the lower excess weight loss outcomes, maintenance is stable after the LAGB procedure 
since restriction can be maintained over time (Polat et al, 2010). LAGB has also been promoted 
as an effective alternative for patients who failed to achieve significant weight loss or who 
regained weight after GBP (Gobble et al, 2008). No previous studies have directly compared 
regain between GBP and LAGB and it is important to note that although regain was greater in 




Additional studies are needed to determine whether this was due to low statistical power or if 
substantial regain is not different between the groups. 
 
Decreased confidence in achieving weight loss predicts regain 
 In this study, lower confidence in achieving and maintaining successful weight loss stood 
out as a significant predictor of long term weight regain. It is particularly interesting in light of 
the fact that patients were answering this question during their initial consultation visit when they 
were highly motivated to undergo surgery. Although one might expect that all patients would be 
highly confident of their success (and indeed they were - the average score on a ten-point scale 
was nine, with a standard deviation of only one), the data show that even the slightest doubt 
increased the odds of long-term weight regain after bariatric surgery.  
 In this context, confidence conveys self-efficacy, which Albert Bandura (1977) defines as 
the belief that one is capable of succeeding in a certain situation, in this case that they are 
capable of succeeding in achieving and maintaining weight loss after bariatric surgery. Self-
efficacy is an important component of the social-cognitive framework, which has been shown to 
be predictive of long-term maintenance of weight loss in non-surgical interventions (DePue, et 
al, 1995). There is also evidence that self-efficacy scores improve after participation in several 
multidisciplinary non-surgical weight loss programs (Clark et al, 1996; Martin et al, 2004; Pinto 
et al, 1999). Moreover, several studies have suggested that self-efficacy is highly correlated with 
achieving changes in other health behaviors as well, such as smoking cessation (Condiotte & 
Lichtenstein, 1981) and exercise (Sullum et al, 2000). 
 Similar to these findings, Batsis et al (2009) compared post-operative self-efficacy and 




program and found self-efficacy scores to be highly related to weight loss after bariatric surgery 
only, suggesting that the enhanced weight loss achieved by surgery resulted in an increase in 
confidence in succeeding with weight loss. In addition, Zijlstra et al (2006) found significant 
improvements in self-efficacy scores associated with medical weight loss intervention as well as 
correlations with change in BMI in LAGB patients. Boeka et al (2010) found that perceived self 
efficacy predicted patients' intentions to comply with post-surgical guidelines after bariatric 
surgery, although they did not evaluate weight outcomes.   
  This study is the first to evaluate self efficacy as a preoperative predictor of long term 
weight regain after bariatric surgery. The findings in this study suggest that even a small 
reduction in confidence of weight loss success is predictive of substantial regain in the post 
operative period. In a clinical setting, this implies that any reduction in confidence score should 
be addressed during the preoperative period and steps should be taken to improve self-efficacy 
even before surgery to reduce the risk of long-term regain. In addition, ongoing support to target 
improvement in self efficacy may also be critical throughout the postoperative period as well.   
 Specific methods to improve self efficacy in this population would include a focus on 
teaching skills and strategies for targeting maladaptive eating behaviors and managing social 
situations after surgery.  Batsis et al (2009) found that negative emotions and food availability 
was associated with low self-efficacy scores, which supports a focus on managing emotional 
eating and eating in social settings in particular. These areas have also been found to be 
associated with the lowest self efficacy in a study among patients who regained after a non-
surgical intervention (Clark & King, 2000). Other studies with similar findings among obese 




Clark & Pera, 2000) and participants in a very low calorie weight loss intervention program 
(Pinto et al, 1999). 
 In addition to teaching skills to target problem areas, ongoing monitoring of psychosocial 
functional is key after surgery.  Many other studies have also suggested that psychological 
support can reduce the risk of regain in this population (Bocchieri, Meana & Fischer, 2002; 
Buddeberg-Fischer et al, 2006; Batsis et al, 2009, Maddi et al, 2001; Sarwer et al, 2005). 
Additional studies are needed to evaluate the impact of psychosocial interventions on long-term 
weight regain. 
 
Past illicit drug use predicts regain after GBP 
 It is interesting that patients who underwent GBP were more likely to experience 
significant long term regain if they reported that they had used illicit drugs. It is impossible to 
discern the type or level to which drugs were used, however this finding may suggest that 
patients who used drugs were less likely to be rule-followers. Some authors have discussed 
adherence to medical prescriptions as a type of rule following behavior (Luciano& Heruzzo, 
1992).  A study that evaluated antiretroviral therapy in pregnancy found that prior illicit drug use 
was a predictor of nonadherence to the treatment regimen (Cohn et al, 2008). In another study 
evaluating liver transplant selection, prior drug use was associated with non-compliance to 
pretransplant regimen, including attendance of visits (Harper et al, 2010).  Although drug use 
and adherence to recommendations has never been evaluated in the setting of bariatric surgery, 
studies which have evaluated attendance of prescribed follow up visits after both LAGB and 
GBP have found that patients who attended scheduled visits have better weight loss outcomes 




this context, it is possible that the increased odds of regain found among individuals who have 
used illicit drug users is related to non-adherence to follow up recommendations. In fact, the 
generalized linear model was used to assess drug use as a predictor of gaps in follow up visits 
and found that 93% of those who had used drugs also had a gap in their follow up visits, versus 
70% of non drug users. Although these findings only trended toward significance (p=.05), 
scheduled visits were not separated from visits a patient may have initiated due to a problem they 
were experiencing. Additional studies are needed to assess whether there is a true association 
between adherence to follow up visits and drug use. 
 It is also possible that drug use predicts postoperative substance abuse.  In a study on 8-
year consequences of past drug use, Stein et al (1987) found that adult drug use influenced later 
alcohol use. Indeed alcohol abuse is common in patients who have undergone bariatric surgery. 
A study by Saules et al (2010) found a high percentage of patients in a comprehensive drug and 
alcohol treatment program to have a history of bariatric surgery (up to 6% of patients).  Other 
studies have also suggested that bariatric surgery candidates have a greater history of alcohol use 
disorders (Heinberg et al, 2012), and problems either persist or develop after surgery (Ertelt et al, 
2008; Buffington, 2007; Buffington et al, 2006). 
 Nevertheless, the impact of substance abuse after bariatric surgery is not well understood. 
A study by Odom et al (2010) which evaluated 203 patients after GBP surgery found a 
significant association between weight regain and concern over drug and alcohol abuse. On the 
other hand, Heinberg and Ashton (2010) found that patients with a history of drug/alcohol abuse 
had better short term weight loss (6 months after surgery) than those without a history of abuse. 
In addition, Clark et al (2003) found that patients who underwent treatment for substance abuse 




patients who have been in treatment for substance abuse have developed psychosocial and 
behavioral skills necessary to effect long-lasting behavior change and therefore are good 
candidates for weight loss surgery. However, their study did not assess the prevalence of 
substance abuse relapse or long term outcomes after surgery. Moreover, patients who have been 
rehabilitated are likely different from those who have never entered a program. It is also possible 
that short-term outcomes are different from what is experienced in the long-term since increased 
alcohol sensitivity has been found in the short-term after GBP (Buffington et al, 2006). This may 
account for decreased intake and better short term weight loss outcomes, however in the long 
term, as with dumping, sensitivity may diminish and allow for more intake which increases 
caloric consumption. 
 This is the first study to date which has evaluated the connection between preoperative 
drug use and long-term postoperative outcomes. It is important to note that no patients reported 
drug or alcohol abuse in the screening questionnaire, however it is possible patients were 
reluctant to report an abuse problem because they did not want to be denied surgery. Additional 
studies are needed to evaluate the mechanism by which preoperative drug use impacts long term 
regain, including its potential association with postoperative substance abuse and/or learned 
strategies from treatment programs attended both before and after surgery. 
 
Large portion sizes and frequent dining out predicts weight loss maintenance after LAGB 
 Because LAGB lacks the malabsorptive component and provides a simple restriction that 
can be adjusted under patient direction, its success relies heavily on behavioral management 
throughout the weight loss and maintenance process. It is therefore not surprising that patients 




restriction directly and immediately affects the capacity of the stomach to hold food. If a patient 
goes beyond the limit of the stomach pouch he or she will experience frequent emesis and 
potentially epigastric pain. This deterrent is present throughout the post surgical period as long as 
the restriction is in place.  
 This study suggests that tendency to eat large portions is deterred after surgery and these 
patients actually do better than those without this problematic behavior.  Colles et al (2008) 
found that preoperative binge eating becomes frequent grazing postoperatively and postoperative 
uncontrolled eating and grazing was associated with poorer weight loss outcomes one year after 
LAGB.  In their study, preoperative measures were not predictive of weight loss in the short-
term, although it is important to note that their study did not control for confounding variables 
such as preoperative BMI. Although their findings are not supportive of the results of this study, 
it does support the notion that consuming large portion sizes may be physically less feasible with 
the restrictive presence of the gastric band. It is possible that while new problematic behaviors 
may develop, they do not result in the same volume of consumption after surgery and therefore 
regain is not significant in the long-term. It is also important to note that a tendency to eat large 
portions is not a psychiatric condition, whereas binge eating disorder has psychological causes.  
Therefore it may not manifest in problematic behaviors after surgery at all.  Additional studies 
are needed to determine the mechanism by which a tendency to eat large portions in the 
preoperative period reduces the risk of long-term regain after LAGB. 
 Similarly, frequent emesis may also be a major deterrent for patients if they continue to 
dine out after surgery, as they may be motivated to be careful to control their intake when in a 
social setting. In this way, as with a tendency to eat large portions, the band forces a behavior 




frequency of dining out and regain after LAGB, one study by Schweiger et al (2010) shows that 
the quality of eating and food tolerance is significantly reduced after LAGB and that reduction is 
associated with increased weight loss, suggesting that LAGB patients have more limitations 
associated with consumption. In addition, a study by Lee et al (2006) showed no improvement in 
Gastrointestinal Quality of Life scores, which measures GI symptoms, physical function, social 
function and emotional function before and after LAGB, despite successful weight loss.  This is 
another area that warrants additional studies to determine how preoperative eating habits may 
reduce the risk of regain after LAGB.  
 
Postoperative factors and regain after gastric bypass 
 This study shows that only years of follow up is associated with regain after gastric 
bypass, however the effect is clinically negligible and therefore potentially more likely related to 
life course rather than factors associated with surgery. It is has been established that weight 
increases with age in response to changes in body composition, metabolism, hormones and other 
known and unknown mechanisms (Mizuno et al, 2004). Furthermore, 77% of the study 
population was female and the average age of patients at the time of surgery was 42 years with a 
minimum of 5 years of follow up, therefore weight gain is to be expected over time as many 
individuals in this population enter menopause.   
 Studies have shown that as women enter menopause, their abdominal adiposity increases 
and energy expenditure decreases. They therefore are expected to experience significant weight 
gain, which has been found to be an average of approximately 4.4 lbs to 5.5 lbs over 3 years 
(Polotsky & Polotsky, 2010). Although expected weight gain with age is unknown for this 




regain following bariatric surgery factored in. As noted previously, patients are expected to 
regain approximately 20% of their lost weight after bariatric surgery due to various metabolic 
factors specific to this population. In this study, GBP patients had an average starting BMI of 
50.0 kg/m
2
, which is approximately the equivalent of 150 lbs of excess weight. They lost an 
average of 65.7% of their excess weight, or 100 lbs. They reached their nadir weight an average 
of 1.8 years after surgery and had an average postoperative follow up period of 7.3 years, 
therefore regain occurred over an average of 5.5 years. These patients regained an average of 
28.3% of their lost weight, or 28 lbs over the postoperative period. Keeping in mind that regain 
of 20% of lost weight (or 20 lbs) is expected after surgery and this is a long term study, then the 
patients in this study regained an additional 8 lbs, which is arguably the equivalent of what can 
be expected with aging alone. Additional studies are needed to evaluate the association between 
regain and aging in the severely obese population as well as in patients who have undergone 
weight loss surgery. 
 No other factors were associated with long term weight regain after gastric bypass 
surgery. It is important to note that while attendance of follow up visits has been found to be 
associated with improved weight loss after bariatric surgery (Compher et al, 2011; Gould et al, 
2007; Shen et al 2004) and also appeared to be important in the bivariate analysis, this 
population may have been too homogeneous with regard to their follow up schedule to show an 
association. Furthermore, additional visits may have been scheduled specifically for regain, 
therefore it would have been ideal to measure attendance of scheduled visits only. 
 
Postoperative factors and regain after laparoscopic adjustable banding 
 In this study, no postoperative factors were found to be associated with substantial long-




findings. Larger studies are needed to assess the association between eating behaviors, intake and 
band adjustment on long term outcomes. 
 
Limitations 
 One limitation of this study is its utilization of a retrospective study design. This design is 
prone to non-response and loss to follow up, which compromises the statistical power of the 
study and raises the possibility that bias has been introduced, particularly if loss to follow up is 
related to regain. Including patients who faithfully return for follow up visits may produce a bias 
sample in that they are less likely to regain if weight loss is associated with adherence to a follow 
up schedule. However, most patients exhibited a gap in their follow up schedule, suggesting that 
they were not faithfully attending follow up visits throughout the postoperative period. One 
could also argue that patients who had problems with regain were more likely to return for visits. 
In this study, the average percent of lost weight regained was 32% and approximately 47% of 
patients who underwent primary LAGB or GBP and attended at least five years of follow up 
visits experienced a period of regain of 30% or more of the weight they lost after bariatric 
surgery.  The literature is scant on long term weight regain and definitions of regain vary across 
studies, however these findings are in line with previous studies that have lower attrition 
(Sjöström, 2004; Sjöström, 2007, Abu Dayyeh et al, 2011).  
 Although it is impossible from this data to assess the prevalence of regain in patients who 
have not attended follow up visits, it is important to note that patients often do not return for 
many reasons unrelated to weight loss, such as lack of insurance, difficulty reaching the medical 




has become more commonplace, patients may choose to go to more convenient surgery centers 
for follow up care or simply be followed by a primary care physician. 
 In an unpublished survey conducted among 683 of the patients eligible for this study, we 
found that there was no significant difference in %EWL five or more years after surgery between 
patients who were lost to follow up (those that had not attended a visit for at least 18 months at 
the time of the survey) and those who were still attending visits, although it is important to note 
that this assessment utilized data that was collected when patients attended an office visit.  
 A sample of 37 of these patients were also contacted to assess their reasons for not 
returning for follow up.  Thirty-two percent of patients reported that they had not returned due to 
difficulty paying for their visit, 24% reported that distance from the medical center inhibited 
them from returning, 12% did not see the need to return, and 8% reported that they did not return 
because they were not contacted by the program. No patients reported that they did not know 
they should return. It is difficult to determine with certainly whether the reasons that patients did 
not return could impact regain, however the reasons are varied and do not appear to be directly 
related to weight loss. It is also important to note that all of the patients reported that they are 
managed by other physicians, however attendance of regular visits is unknown, as is the training 
of their physicians in the management of bariatric surgery patients. 
 Another bias that can be introduced with observational studies is that of non-
randomization, since inability to randomize introduces uncertainty as to whether any associations 
with regain are due to other factors related to exposure (Gordis, 2009). However, randomization 
to surgery would not be feasible in this study.  The advantage to this study design is that it could 




1996). This is especially advantageous for this study which assesses outcomes five or more years 
after exposure. 
 Another limitation of this study is the statistical problem introduced with multiple 
comparisons. When multiple comparisons are made simultaneously, type 1 errors (i.e. incorrectly 
rejecting the null hypothesis) are more likely to occur (Miller, 1981). In order to reduce the risk 
of a type 1 error, various statistical methods may be used which usually require stronger 
evidence to conclude that results are significant.  The most widely used method is the Bonferroni 
correction. This correction maintains that, when testing n hypotheses (where n equals the number 
of hypotheses) on a single data set, the statistical significance level should be α/n in order to 
reduce the likelihood of falsely rejecting the null hypothesis. In this study, 66 variables were 
tested and the α was set at .05, therefore the Bonferroni correction would require that the 
statistical significance level should be .05/66 or .0008. This is a very stringent cut-point and 
indeed the Bonferroni method has been widely criticized as being too conservative as it increases 
the risk of false negatives and reduced power (Perneger, 1998). This study only included 180 
subjects, therefore it does not have enough power to test the hypotheses at that significance level. 
Nevertheless, since this is the first study of its kind, it can be used as pilot data to direct future 
prospective studies. 
 It is also important to note that the assessment of all behaviors measured in this study was 
made using tools produced for clinical purposes rather than with validated questionnaires, 
therefore it is unknown whether responses were reliable or maintained internal consistency. 
Nevertheless, the findings of this study we supported by previous studies which utilized 
validated questionnaires, where such studies existed.   In addition, in many situations a standard 




a study that assessed binge eating disorder in morbidly obese patients evaluated for gastric 
bypass using the Structured Clinical Interview (SCID) and the Questionnaire of Eating and 
Weight Patterns-Revised (QEWP-R) yielded different results for each (Dymek-Valentine et al, 
2004). This suggests that validated scales designed for other populations may not be optimal for 
the bariatric population.  Ideally a validated questionnaire would have been developed to 
specifically address the factors of interest in this population. This was impossible since this was a 
retrospective review of clinical data, however important to consider for future studies. 
 Another limitation to behavioral studies in general is the problem of self report. Without 
correlating physiologic measures, most assessments of specific behaviors must rely on patient 
self report. Body weight and laboratory measures may be reliable indicators of nutrient intake in 
general, but it is difficult to use them to pinpoint specific behaviors, particularly when relying on 
data collected as part of clinical care. 
 Another drawback to this study is that eating behaviors assessed in the New Patient 
Questionnaire were not measured after surgery, therefore assumptions about postoperative 
behaviors were made based on preoperative report. Nonetheless, this study was able to elucidate 
predictors of regain, even without knowing the specific mechanism by which it precipitated. This 
has important clinical implications for tailoring dietary and psychological counseling both before 
and after surgery in order to optimize outcomes. 
 
Strengths 
 This is the first study to assess the association between a broad variety of eating, lifestyle 
and psychological behaviors and long-term weight regain after both LAGB and GBP procedures 




these behaviors and long-term weight loss outcomes after bariatric surgery. Results from this 
study provide an important contribution to what little is known about behavioral determinants of 
long-term outcomes of bariatric surgery.  This is especially important given the surge in weight 
loss procedures over the last two decades.  
 
Conclusions 
 The findings of this study suggest that even a slight reduction in confidence to lose and 
maintain weight loss increases the risk of long-term weight regain after bariatric surgery. In 
addition, patients who report that they have used illicit drugs are at increased risk of weight 
regain after GBP. Patients who report eating large portion sizes or frequently dining out as a 
problematic behavior may be at a decreased risk of weight regain after LAGB. The findings of 
this study support the need for tailored behavioral counseling which target self-efficacy, 
problematic eating behaviors, and factors related to substance abuse both before, and potentially 
after surgery, to minimize weight regain. This study also suggests that LAGB may be well-suited 
for patients who frequently dine out or consume large portion sizes prior to surgery. Additional 
prospective studies are needed to confirm these findings and uncover the mechanisms by which 
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New Patient Questionnaire 
 
 Note that the following questionnaire is the preoperative questionnaire used to assess 
preoperative behavioral factors used in this study. This questionnaire was revised in 2009, therefore 
any new variables that were added were excluded from the study, with exception of confidence since it 




Columbia University Center for Metabolic and Weight Loss Surgery 
New Patient Questionnaire 
 
NAME:____________________________________________   DATE:_______________ 
 
Past Medical History (check all that apply & write the date of diagnosis) 
______Heart Disease     _______Gallbladder Disease 
______High Blood Pressure    _______Kidney Stone Disease 
______Stroke      _______Chronic Renal failure 
______High Cholesterol    _______Osteoporosis/Osteopenia 
______High Triglycerides    _______Hepatitis 
______Diabetes     _______Blood Clots 
______Gout      _______Tuberculosis 
______Sleep Apnea     _______Asthma/Emphysema 
______Irritable Bowel Syndrome   _______Recent Respiratory Illness 
______Diverticulosis/Diverticulitis   _______Skin Infections/Diseases 
______Crohn’s/Ulcerative Colitis   _______Arthritis – OA or RA 
______GERD      _______Hypothyroidism 
______Ulcers (Location_____________________) _______Other Thyroid Disorder 
______Other Gastrointestinal Disorder  _______Autoimmune Disease (Type___
 (Type________________) 
______Cancer (Type________________________) _______Malnutrition 
______Polycystic Ovary Syndrome   _______Bleeding Tendencies 













Significant Family History 
Check if anyone in your family has had any of the following medical problems. 
______Heart Disease     _______Diabetes 
_______Stroke     _______Obesity 
_______Tuberculosis     _______Thyroid Disorder 
_______Cancer (What type?__________________________) 
 
 





Most insurance companies are requesting a diet history before approving surgery.  For each of the weight 
loss methods below that you have tried, indicate to the left the number of times that you have tried that 
method. Then give the starting and ending dates of your trial with that method as well as the amount of 
weight that you lost. If you need more room for additional trials of the same method, use the reverse side 
of this page. 
        Dates    Amt. WT. Lost 
           From            TO 
Weight loss programs:    
_______Weight Watchers   __________    _________  ______________ 
_______Weight Loss Camp   __________    _________  ______________ 
_______Jenny Craig    __________    _________  ______________ 
_______LA Weight Loss Center  __________    _________  ______________ 
_______Overeaters Anonymous   __________    _________  ______________ 
Comprehensive Wt. Loss Programs: 
______Duke’s     __________    _________  ______________ 
______St. Luke’s    __________    _________  ______________ 
______Structure House    __________    _________  ______________ 
______Other___________________  __________    _________  ______________ 
Diets: 
_______Atkins     __________    _________  ______________ 
_______The Zone    __________    _________  ______________ 
_______Carbohydrate Addict’s Diet  __________    _________  ______________ 
_______Optifast    __________    _________  ______________ 
_______Medifast    __________    _________  ______________ 
_______Slimfast    __________    _________  ______________ 
_______MD Supervised   __________    _________  ______________ 
_______Nutritionist Supervised   __________    _________  ______________ 
_______Grapefruit Diet    __________    _________  ______________ 
_______Beverly Hills Diet   __________    _________  ______________ 
_______Scarsdale Diet    __________    _________  ______________ 
_______Cabbage Soup Diet   __________    _________  ______________ 
_______Rice Diet    __________    _________  ______________ 
_______South Beach Diet   __________    _________  ______________ 
_______Other diet__________________ __________    _________  ______________ 
Medications: 
_______Phen/Fen    __________    _________  ______________ 
_______Meridia    __________    _________  ______________ 
_______Redux     __________    _________  ______________ 
_______Ionamin    __________    _________  ______________ 
_______Xenical    __________    _________  ______________ 
_______Fastin     __________    _________  ______________ 
_______Other _____________________  __________    _________  ______________ 
Weight Loss Aides 
______Dieter’s Tea    __________    _________  ______________ 
______Dexatrim    __________    _________  ______________ 
______Herbalife    __________    _________  ______________ 
______Herbalite    __________    _________  ______________ 
______Xenadrine    __________    _________  ______________ 
______Tonalin     __________    _________  ______________ 
______Other _____________________  __________    _________  ______________ 
Other Weight Loss Methods: 
______Increased Exercise   __________    _________  ______________ 
_____Other______________________  ________        ________  ____________ 
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Have you ever forced yourself to vomit after eating too much? 
 ______Yes ______No 
 If Yes:  How long did this behavior last?______________________ 
  When was the last time that you forced yourself to vomit?______________ 
 
 
Have you ever used laxatives to lose weight? ______Yes ______No 
 If Yes:  How long did this behavior last?______________________ 
  When was the last time that you used laxatives in this way?______________ 
 
 
Do you eat larger-than-usual amounts of food until you are uncomfortably full two or more times per 
week? ______Yes ______No 
 If yes: Do these binges start after you become angry, stressed, depressed, etc.? 
      _____Yes     _____No 
  Do you eat even though you are really not hungry during these binges? 
      _____Yes    ____No 
  Do you feel out of control and unable to stop eating during these binges? 
      _____Yes   _____No 
Do you eat more quickly than usual during these binges?  
     ______Yes    _____No 
  Do you eat alone out of embarrassment?  _____Yes _____No 
  Do you have feelings of disgust, depression or guilt after overeating? 
     ______Yes    _____No 
  Have you been overeating this way for more than 4 months? 
     ______Yes    _____No 
 
 
Would you consider yourself to be an emotional eater?  In other words, do you tend to eat more when you 
are stressed, angry, depressed, bored, celebrating happy events, etc…?  ______Yes _____No 
 
 
Were you heavy as a child, i.e. 10 years old or younger? 
   _____Yes _____No 
 If no: At what age did you start to gain weight? ________ years 
 
 
At what age did you actively begin to diet to lose weight?    ________ years  
 
 
Are you on a special diet for medical purposes?  _____Yes _____No 




Please check below any dietary problems that apply to you: 
_____Meal skipping    _____Crave bread, pasta, rice or other 
_____Large portion sizes    starchy food 
_____Frequent eating out at/ordering-in _____Crave cake, cookies, pies or other 
 from restaurants   sweet bakery items 
_____Frequent fast food consumption _____Crave chocolate 
_____Frequent snacking/grazing  _____Crave candy other than chocolate 
_____Eating foods too high in fat  _____Crave cheese 
_____Can not cook 
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If female, what was the date of your last menstrual period?    _______________ 
 Are your menstrual cycles fairly regular?  _____Yes     _____No 
 Date of your last pap smear?____________________   Date of last mammo?_______________ 
 How many pregnancies?_______ Do you desire pregnancy at this time? _____Yes    _____No 
 Are you pregnant/nursing?      _____Yes     _____No 
What birth control do you currently use?_____________________________________ 
 
When was your last physical exam?___________ Result    _________________________________ 
 Have you ever had a echocardiogram?______ If so, when & why?_______________________ 
 Date of last colonoscopy____________ Date of last EKG______________ 
 Date of last chest x-ray____________ 
 
Do you exercise regularly?  ______Yes _______No 
 If yes, what type of exercise & how often per week?______________________________ 
 
Have you ever smoked?  _____Yes    _____No 
If yes:  What year did you start?_______________ 
  Do you presently smoke? _____Yes  _____No 
  If yes: How many packs per day do you smoke per day? ________ 
  If no: What year did you quit? __________________  
 
How many servings of alcoholic beverages do you drink per week and type? 
Number of servings per week: ____ 
 (1 serving= 1.5 oz. hard liquor, 12 oz beer or 4 oz wine) 
Type of alcohol preferred: ________________________________________________ 
 
Are you a recovering alcoholic? _____Yes  _____NO 
 If yes: How many years have you been clean and sober? _________   
 
Have you ever used street drugs? _____Yes  _____No 
 If yes: What kind did you use? ________________________________ 
         When was the last time that you used drugs? ______________ 
    Are you recovering from drug addiction? _____Yes  _____NO 
 
How many caffeinated beverages do you drink per day (e.g. coffee, dark colored soda)________ 
 
How many sugar-containing beverages (e.g. regular Soda, juice, sugar in coffee or tea) do you 
drink per day? _______ 
 
How many meals do you generally eat each day?_________ 
 
Do you eat breakfast? _____Yes  _____No 
 
Do you eat more food in the evening than during the day? _____Yes  _____No 
 




On the scale below, please CIRCLE THE NUMBER that best indicates how confident you are 
that you can successfully lose weight and keep it off after this surgery. 
 
Not at all      1    2    3    4    5    6    7    8    9    10 Very            
Confident           Confident 
 
 
Please circle yes or no for the following questions: 
Are you thirsty most of the time?      Yes No 
Have you ever consulted a psychiatrist/psychologist for any problem?     Yes No 
Problem & Date: ___________________________________________________________ 
Have you ever taken medication for depression, anxiety, panic 
 attacks or bipolar disorder?       Yes No 
 Type of medication & dates taken: ________________________________________ 
Have you ever had an eating disorder (anorexia/bulimia/binge eating)?    Yes No 
Have you ever been hospitalized for a mental or nervous disorder?        Yes No 
Do you feel you need psychological help now?    Yes No 
Are you so depressed that it interrupts your work or relationships?  Yes No 
Is your home life unpleasant?       Yes No 
 
 
Below is a list of problems and complaints that people sometimes feel.  Please read each one carefully.  
After you have done so, use the scale below to describe HOW MUCH that problem has BOTHERED 
or UPSET you during the past week including today? Write-in the number to the left of the problem. 
NOT AT ALL  A LITTLE BIT  MODERATELY QUITE A BIT          
EXTREMELY 
         0                             1                             2                            3                          4 
 
______ 1.  Nervousness or shakiness inside. 
______ 2.  Unwanted thoughts, words, or ideas that will not leave your mind. 
______ 3.  The idea that someone else can control your thoughts. 
______ 4.  Feeling that others are to blame for most of your troubles. 
______ 5.  Trouble remembering things. 
______ 6.  Feeling easily annoyed or irritated. 
______ 7.  Feeling afraid in open spaces or on the street. 
______ 8.  Thoughts of ending your life. 
______ 9.  Hearing voices that other people do not hear. 
______ 10.  Feeling that most people cannot be trusted. 
______ 11.  Crying easily. 
______ 12.  Feelings of being trapped or caught. 
______ 13.  Suddenly scared for no reason. 
______ 14.  Temper outbursts that you could not control. 
______ 15.  Feeling blue. 
______ 16.  Worrying too much about things. 
______ 17.  Feeling fearful. 
______ 18.  Other people being aware of your private thoughts. 
______ 19.  Feeling afraid to travel on buses, subways, or trains. 
______ 20.  Having to avoid certain things, places, or activities because they  
  frighten you. 
______ 21.  Your mind going blank. 
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______ 22.  Feeling hopeless about the future. 
______ 23.  Trouble concentrating. 
______ 24.  Having thoughts that are not your own. 
______ 25.  Having urges to beat, injure, or harm someone. 
______ 26.  Having urges to break or smash things. 
______ 27.  Having ideas or beliefs that others do not share. 
______ 28.  Spells of terror or panic. 
______ 29.  Getting into frequent arguments. 
______ 30.  Feeling nervous when you are left alone. 
______ 31.  Feeling so restless you could not sit still. 
______ 32.  Feelings of worthlessness. 
______ 33.  Feeling that familiar things are strange or unreal. 
______ 34.  Shouting or throwing things. 
______ 35.  The idea that you should be punished for your sins. 
______ 36   The idea that something is wrong with your mind. 
 
 
If applicable, what are your reasons for desiring surgery? (Check all that apply) 
______  To decrease medical problems, specifically ___________________________________ 
______  To prevent medical problems 
______  To improve quality of life 
______  Cosmetic reasons 
______  Other – specify:_____________________________________________________________ 
 
 
How did you learn about our program?  (Check all that apply) 
______  Talked with someone who had surgery.  Who? _______________________________ 
______  From relative, friend, religious leader 
______  Researched it through the Internet 
______  Read books or articles about it 
______  Discussed it with a health provider 
______  From advertising   Type (e.g. TV, newspaper, magazine)?______________________ 
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